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GENERAL SESSIONS 
A Research Opportunity 


J. E. Coxe! 


The conditions under which we meet for this third biennial meet- 
ing of the American Society of Sugar-Beet Technologists are far dif- 
ferent from those in 1940. Today, our country is at war. The de- 
mand is for increased sugar production—not crop restriction. 

This emergency can best be met by those engaged in our indus- 
try ’s commercial phases by increasing our diligence and skill in bring- 
ing to maximum production each acre of beets that can be grown. To 
reach this goal for increased production we should use to the utmost 
the tools provided by science. Labor supplies will be short—it is im- 
perative that we immediately prepare to use machines and methods 
which ‘will reduce the labor required to grow and process the 1942 
crop. We have no time to lose. We must act now. 

Those engaged in research—those who are attempting to find 
ways and means of increasing production or reducing costs—must 
intensify their efforts. 

It is not to be expected that a society such as ours during the 
next 3 days will devise a program guaranteeing large increases in 
sugar production. It is expected that those responsible for sugar- 
beet research will, through their combined efforts, continue to find 
ways to increase yields in field and factory, and to decrease require- - 
ments for labor. To that end, much progress has been made. To that 
end, much progress is yet to be made. 

If we are successful in this endeavor, we shall not only have as- 
sisted in meeting the present emergency—we shall have placed our 
industry on an economic footing where its existence will be less de- 
pendent upon political paternalism and its permanence in our Na- 
tion’s agriculture more assured. 

We are warned that this emergency will not be short-lived. There- 
fore, we must lay our plans not only for this year, but for an indefi- 
nite future, attempting throughout to select those projects which offer 
the greatest hope for meeting our objectives. If, during the past 
few years of beet-crop restrictions, we have felt discouraged because 
of a prevailing feeling in certain political circles that our industry 
was not essential, it is now time to forget our misgivings and strive 
as never before to increase the efficiency of the industry. World 
War No. 1 proved that food—and therefore our beet-sugar industry— 
was as essential to our country’s welfare as the army itself. World 
War No. 2 will undoubtedly again offer such proof. 





1President, American Society of Sugar-Beet Technologists. 
Address given at third biennial meeting of society, held in Salt Lake City, Utah, 
Hotel Utah, January 5 to 7 inclusive, 1942. 








12 AMERICAN Society SuGAar-BEetT TECHNOLOGISTS 


In the field of sugar-beet research, there were being conducted 
in this country last year 229 separate sugar-beet projects under the 
leadership of 170 scientific workers; 50 of whom were in the U. S. 
Department of Agriculture, 5 in the Canadian Department of Agri- 
culture, 62 in 16 state experiment stations, and 53 in 16 beet-sugar 
and other commercial companies. This is no small undertaking. If 
the beet industry permanently fills the place it deserves in our coun- 
try’s agriculture, it will do so largely because of the work and effort 
of this group of scientific workers, most of whom are gathered here. 
The future of this industry is largely in your hands. 


Since about 1896 when the beet-sugar industry in the United 
States first took root and started to grow, the extent to which it has 
flourished depended to a large degree upon the political care it re- 
ceived. For the first 10 years in the life of the industry, it pushed 
rapidly ahead. Encouraged by a tariff of $1.685 per 100 pounds raw 
sugar and relatively good sugar prices resulting from rapidly in- 
ereased per capita consumption, 55 beet-sugar factories were built in 
those 10 years. Sugar-beet production during this period rapidly 
increased, but did not keep pace with this increased factory capacity. 


During the next 10 vears, conditions changed. The circumstances 
favoring expansion of the domestic industry became increasingly un- 
favorable. The attention of the country was centered on the develop- 
ment of off-shore sugar supplies. The period ended with the removal 
of all sugar tariffs, leaving this new industry unprotected and ex- 
posed to the ravages of foreign and insular sugars. It was certain 
death! 


World War No. 1 gave this condemned industry new life. Be- 
fore duty-free sugar became a reality, increased production of beet 
sugar was demanded as a war emergency. During the years 1915 
to 1920, 23 factories were built, 17 in the year 1917. Notwithstanding 
the largest building program in the history of the industry and the 
demand for r>re sugar, the total production of sugar each year 
from 1915 to 1918 was progressively less in spite of some increase in 
acreage. The increased acreage was more than nullified by adverse 
agricultural conditions. Agriculturally, we did not come through. 


During the last 20 years there has been a reduction in the number 
of factories. Where 106 were available for operation in 1920, today 
there are only 96. However, during this period, the total daily slicing 
eapacity of these plants has gradually but consistently increased. 
Chemists, engineers, and factory operators during this period did 
their part to increase the efficiency of this industry. Sugar-beet agri- 
culture, on the other hand, made little progress until about 1930. 


The diseases, curly top and leafspot, were the plague of the 
industry. So dominant were they in limiting yields of beets that little 
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progress was possible in the technology of sugar-beet agriculture. The 
clutch of these diseases on our industry has now been broken. The 
way has been cleared for further progress. 


In one of our small, compact, beet-producing districts, the av- 
erage yield of beets varied in a single year from 14 to 39 tons per 
acre. Good explanations are available for some of the low yields. 
There are, however, no satisfactory explanations for the high yields. 
We assume that within that district, there were no differences in 
temperature or light values which would account for the difference 
in yields. Our knowledge of soil fertility or of available-soil-mois- 
ture conditions that existed in the various fields provides only par- 
tial explanation. Diseases and pests were not numerous or severe 
and, therefore, probably influenced yields only slightly. Unfortu- 
nately, we know almost nothing of the condition of the soil atmos- 
phere, and the results of recent research indicate that a measure of 
this factor is essential to a more complete understanding of crop 
responses. If for these fields we had a measure of the factors of soil 
fertility, available soil moisture, soil atmosphere (as indicated by soil 
porosity ), and diseases and pests, it is very likely some explanation 
of the large variation in yields would be possible. 

Certainly we can learn little, for example, from fertilizer studies, 
if soil moisture or the lack of oxygen in the soil atmosphere is the 
limiting factor. My plea is that in our research work we should 
recognize and attempt to measure to the limit of our ability all of the 
factors affecting plant response. Unless we do this, our progress will 
be limited. . 

Most scientific societies, as well as research institutions, are or- 
ganized on the basis of arbitrary divisions of science. The forces 
by which plants grow have been nicely divided into groups for the 
purposes of research, which unfortunately have of themselves as- 
sumed such importance that any attempt to determine the inter-rela- 
tionship of the groups is almost unknown. 


In this Society of Sugar-Beet Technologists, we have a real op- 
portunity. We must have one common motive—that of producing 
more sugar per acre at decreased costs. Therefore, we have, I believe, 
an opportunity to contribute not only to our own industry, but to 
agriculture in general, if we undertake research based on the com- 
bined needs of the plant. Such a project would not supplant those 
now under way. It would bring together—to focus on one erop in 
one inter-related undertaking—the results of research from the vari- 
ous plant sciences. It would—if you please—act as an assembly plant, 
gathering from every available source the various parts, which would, 
when placed together in proper combinations, provide the conditions 
for maximum plant growth. We may not as yet have all the parts. 
We can assist in developing them. 
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I am not certain that the beet-sugar industry should establish a 
separate research organization for this work. Such an organization 
offers many problems. I do, however, strongly recommend a fur- 
ther study by the society of the establishment by the industry of a co- 
ordinating research project. 


As you well know, the beet-sugar industry in this country has 
established a precedent of working together in the field of agricul- 
ture. Certainly the development of mechanization of sugar-beet op- 
erations has been greatly accelerated and advanced by the project 
sponsored by the U.S. Beet Sugar Association. This association, after 
careful study, selected an established research organization, with cap- 
able leadership and equipped with buildings and machines, to carry 
on the beet-machinery project. You know something of the success 
of the project, which is being directed by Professor H. B. Walker, 
our most able general program chairman. You will learn more of the 
project during these meetings. 


In undertaking this work, the industry has recognized the 
necessity of combined effort to solve the beet-machinery problem. I 
firmly believe that the industry should and will pool its efforts in an 
attempt to make further progress in the problems of increased pro- 
duction, if a definite and logical program is developed. 


This is our challenge. 


Old Timers 


Frep G. TAYLOR! 


It seems proper to record a report of a dramatic incident that oc- 
eurred at the banquet, in which special recognition was given and 
tribute paid to those present who had been employed in the sugar 
industry for 40 or more years. 


The toastmaster, Fred G. Taylor, referred to the presence of 
several men whom he characterized as Old Timers, and, calling them 
by name, asked them to present themselves at the speaker’s stand 
and be introduced. 


Henry A. Vallez of Isabella Sugar Company, was introduced as 
the Dean of Beet-Sugar Technologists, having been engaged in the 
business for 54 years—‘‘and still going strong.’’ 


The toastmaster expressed happy recollections of having come 
under the benign influence of Superintendent Vallez at Lehi, 43 years 
ago, when he went there as a student sugar boiler. 


?Toastmaster at the biennial banquet, 1942. 
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Mark Austin was the next in terms of length of association with 
the industry, he having served an even 50 years. Mark was intro- 
duced as one of the pioneer stalwarts of sugar-beet agriculture of 
America. 


Then were introduced in the order of the lengths of their em- 
ployment, the following: Charles L. Pioda, Spreckels; Fred G. Tay- 
lor, Utah-Idaho; Frank S. Ingalls, Utah-Idaho; N. R. McCreery, 
Great Western; Wm. F. Schmitt, Great Lakes; R. L. Howard, Utah- 
Idaho; J. W. Bressler, American Crystal. 


Mrs. Robinson and Mrs. Keane then presented each with a bou- 
tonniere, and the toastmaster, himself an old timer, made the fol- 
lowing comment: 


It is a matter of particular pride and satisfaction to me that I 
should be permitted to introduce to you this fine group of veterans 
of the sugar industry. I immodestly include myself in all the com- 
pliments I may pay to them. Each has given an average of nearly 
a half century of service to this industry and surely looks capable of 
service for years to come. 


Someone has facetiously said: ‘‘It is given man to be born but 
once, but many men die twice. The date engraved on a man’s tomb- 
stone does not always mark the true date of his death; it may only be 
the date on which society took official notice of his passing. He may 
have, to all intents and purposes of usefulness, been dead for years.’’ 


Someone else, however, said truthfully and reverently: ‘‘The 
valiant die but once!’’ And you, my fellows, I know, are of the 
valiant ! 


My heart-felt wish for you is that each may find the future, that 
is left to him, as interesting as has been his past. My last and great- 
est wish is that you may ‘‘die but once!’’ To each and all of you, I 
say, Godspeed in all your efforts! 











Sugar-Beet By-Products and Their Place 
in Idaho Agriculture 


E. J. Ipprnes! 


Your conference sections deal with a wide variety of technologi- 
cal problems of the sugar-beet industry such as breeding, protection 
from insect pests and diseases, soils, seed production, chemical prob- 
lems, harvesting equipment, ete. <A single topic out of one hundred 
or more listed deals with by-product utilization, scheduled for Janu- 
ary 7, in Section A, under the title, ‘‘Steer and Lamb Feeding Trials 
With Various Forms of Sugar Beet Pulp.’’ 

Like various other American manufacturing enterprises, meat 
packing for example, the by-products of your industry are an import- 
ant asset, their total value, when properly utilized, representing a 
substantial portion of the total annual increment of wealth resulting 
from sugar-beet production and processing, and, undoubtedly, a vital 
factor in determining the permanent success and profitableness of the 
sugar-beet industry. 

We in Idaho are interested in, and appreciative of, the sugar- 
beet industry because we are, in the main, producers of raw agricul- 
tural materials, and there is a dearth in our state of manufacturing 
industries and enterprises. Our beet-sugar factories turn out a highly 
finished product, require a year-around maintenance force and, dur- 
ing certain seasons of the year, support a very substantial payroll. 

Of equal, if not greater, importance to us is the functioning of 
sugar-beet growing as a vital factor in our agricultural economy. 
The production of beets requires good land and good farmers. The 
successful growing of beets demands a rotation system that returns 
to the soil both totai elements of fertility and those organic elements 
that are conducive to moisture absorption and moisture retention, to 
ease of tillage and to high-producing capacity. In other words, suc- 
cessful sugar-beet farming is well-balanced farming, requiring effi- 
ciency in farm management and skill in maintaining at a high level 
the productive capacity of the land. Hence, the sugar-beet industry 
contributes to a region those benefits that accrue from industrial ex- 
pansion, and almost inevitably brings substantial benefits to the farm 
economy of the area. 

Fortunately for the agriculture of the beet-sugar-producing re- 
gions, the refined product is only a part of the output. The molasses, 
pulp, and tops are an added asset of great financial importance. 
Their profitable utilization, with limited exceptions, is confined to 
their functioning as important supplements to feeding rations, pri- 


1Dean and Director, Idaho Agricultural Experiment Station. Address at biennial 
banquet. 
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marily for the finishing of steers and lambs for market. In addition 
to their content of elements of animal nutrition which can be meas- 
ured by the chemist, such as proteins, carbohydrates, and fats, they 
bring certain other beneficial factors in animal feeding such as bulk, 
the addition of laxative qualities, and the stimulation of appetite. 
The farmer, once his beets have gone to the dump under the terms of 
his acreage contract, has a further interest which is consummated by 
the proper utilization of these highly valuable by-products. 


In addition to a factory and its operating force, therefore, sugar- 
beet growing brings a livestock-feeding industry which raises the 
average productivity of the lands served by the factory and material- 
ly contributes to the permanency of farming. 


Extensive experimental work has been conducted during the past 
few years in the utilization of these various sugar-beet by-products 
for the finishing of animals for market. The great volume of this 
work has been done by the Colorado Experiment Station, but other 
stations such as Wyoming, Utah, Nebraska, Washington, Montana, 
California, and our own Idaho Station, have conducted investigations 
to determine how these by-products can be most profitably utilized 
and to evaluate them as supplements to the livestock-feeding rations 
ordinarily used in the Western feedlots. The sugar companies and 


private organizations also have fed molasses, pulp, and beet tops, 
and have contributed to the total volume of information now avail- 
able on sugar-beet by-products feeding. 


The work of our Idaho Station has been concerned with the silo- 
ing of the tops and their utilization as supplements to alfalfa hay 
and grain, the feeding of the molasses in various proportions and un- 
der varying conditions, and the utilization of the pulp both in the 
wet and in the dried form. Dried beet pulp, in addition to the im- 
portant place it has had in rations for lambs and steers, has been used 
for a substantial part of our ration in the feeding of our high-produc- 
ing Jersey and Holstein-Friesian cows in advanced-registry testing. 
Because of its low phosphorus content, the dried beet pulp has been 
used in our Caldwell experimental feeding for the basic portion of our 
checklot of steers and lambs in determining the effects of low phos- 
phorus rations. It has been the purpose in the experiments to find 
some measure of the place of phosphorus in the fattening ration, 
both for steers and lambs. The beet pulp can be used advantageously 
as a means of measuring the most advantageous phosphorus intake 
in the fleshing of both steers and lambs for market. This particular 
use, however, is merely incidental to the proper place this by-product 
of the beet industry has in animal feeding as a source of total nutri- 
ents, and as a bulky form of ration advantageous in the compounding 
of feeding rations. 
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The department of Animal Husbandry of the University of Idaho 
works with the Caldwell Branch Experimental Farm in conducting 
these sugar-beet by-products experiments as well as other experiments 
in livestock feeding. Professor C. W. Hickman and Dr. W. M. Bee- 
son of the Department are in charge, and Dr. Beeson has supplied 
me with a summarization of the results secured from other sources as 
well as from our own investigations. The following summarization 
of recorded data indicating the important place sugar-beet by-pro- 
ducts have in animal feeding is quoted from material assembled by 
Dr. Beeson : 

Beet Molasses 

Beet molasses is essentially a carbohydrate feed which is abundant 
in energy and fattening properties but is decidedly deficient in protein 
and minerals. Many experiments establish the fact that beet molasses 
may satisfactorily replace part of the concentrated feeds in rations for 
hogs, sheep, beef and dairy cattle. 

A review of a large number of experiments shows that when beet 
molasses replaces a considerable portion of the grain ration it has a rela- 
tive feeding value of about 80 percent of shelled corn. In Idaho, how- 
ever, experiments where limited quantities of beet molasses (4 pounds 
per steer daily) were fed, it was found to be equal to barley as a fat- 
tening feed, provided it was properly balanced with bonemeal as a source 
of phosphorus. 

Summary of 15 experiments conducted at various experiment stations 
gives beet molasses about 84 percent the value of corn when used at the 
rate of .38 of a pound in a lamb-fattening ration. In four trials at the 
Colorado Experiment Station beet molasses was worth about 86 percent 
of the feeding value of grain. Molasses also has been used in wintering 
ewes and to furnish the concentrate for ewes just prior to and after lamb- 
ing. In experimental work at the Washington Station along this line, 
molasses has given very good results where about one-half pound was 
fed per ewe daily in place of grain. 

In addition to these more popular standard uses of molasses, it has 
certain other values and peculiarities which should be mentioned. It has 
been used for years as an appetizer im livestock rations, especially to in- 
crease the palatability of poor roughages and unpalatable grain mixtures. 
In recent years molasses has proved successful as a remedy in preventing 
pregnant-ewe paralysis. Very often just prior to lambing, ewes develop a 
condition which is caused by low blood sugar. A molasses supplement to 
the ration in the amount of 10 to 20 percent of the concentrated intake 
has been found effective both in preventing and in curing what seems to 
be a nutritional maladjustment. 

Certain precautions must be followed in the feeding of molasses. 
Ordinarily it is fed along with wet beet pulp because the two products 
are available near sugar factories. A 5-year study at the University of 
Idaho Experiment Station has shown that a ration of beet molasses, al- 
falfa hay and wet beet pulp is deficient in phosphorus. Our data indi- 
cate that when beet molasses is fed as the only concentrated feed, and 
when beet pulp is fed in large quantities, it is impossible to get the steers 
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to eat enough alfalfa hay to meet the phosphorus requirements. Studies 
on the phosphorus needs for fattening steers have conclusively shown 
that it requires about 2 pounds of alfalfa hay daily per 100 pounds of 
liveweight to meet the phosphorus needs for fattening steers, 

To give a concrete example, steers on a ration with the beet by-pro- 
ducts and alfalfa hay gained only about 1 pound a day and required 30 
percent more feed to make a pound of gain. When the same basal ration 
was supplemented with .10 pound steamed bonemeal per steer daily as a 
source of phosphorus, the steers gained an average of 2 pounds daily and 
showed no signs of phosphorus deficiency. 

Therefore, it must be kept in mind that beet molasses and wet beet 
pulp, or dried beet pulp, are primarily carbohydrate feeds and must be 
supplemented with the proper amounts of protein, vitamins, and phos- 
phorus. Since alfalfa hay supplies the proper vitamins and protein, phos- 
phorus is the limiting factor in rations of this type. 

Our studies also have included the utilization of beet by-products by 
sheep, but under practical feeding conditions a phosphorus supplement is 
not needed because the lamb is capable of consuming enough alfalfa hay 
to meet the phosphorus requirements even when beet molasses and wet 
beet pulp are fed in large quantities, 

Beet molasses also is a laxative feed and must be fed with precaution 
and in limited quantities. In feeding molasses as the sole concentrate, 
our studies have indicated that 4 to 5 pounds per steer daily is the maxi- 
mum amount that can be fed with safety. The feeding of larger amounts 
resulted in the steers going off feed. The maximum amount which can be 
fed safely to lambs is approximately one-third pound daily. 

Wet Beet Pulp 

Wet beet pulp might be classified as a carbohydrate roughage or 
silage which is high in moisture, low in protein, and low in phosphorus. 
Wet beet pulp varies considerably in its moisture content, depending on 
the hauling distance from the source of supply, and on the storage per- 
iod. On an average, wet pulp contains about 88 percent moisture when 
fed to cattle several miles from the factory. In most of our sugar-beet 
sections wet beet pulp can be purchased by the producer of beets at a 
cost ranging from 50 cents to a dollar per ton, which usually makes it a 
very economical feed, providing the transportation costs are reasonable. 

In Colorado experiments with cattle, wet beet pulp was worth on an 
average of $2.69 per ton when fed at the rate of 70 to 80 pounds per steer 
daily. Recent studies at the University of Idaho have shown that wet beet 
pulp was equal in value to corn silage for fattening calves. 

Wet beet pulp also is used for fattening lambs. It usually is fed at 
a rate of from 2 to 4 pounds per head daily and when used’ in these pro- 
portions our results have shown that it has a feeding value ranging from 
$1.77 to $2.00 per ton. 

Beet Tops 

There are three principal methods commonly practiced in the utiliza- 
tion of beet tops, bamely, (1) pasturing the tops with cattle or sheep; 
(2) curing the tops by placing them in small piles in the field, later 
hauling them to the feed yards; and (3) ensiling the tops. Information 
and estimates available indicate considerable variation in the amount of 
tops secured from a field of beets. The green weight of the tops usually 
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equals from one-half to two-thirds the weight of the beets produced. On 
a dry-matter basis, the tops per acre are equivalent to 10 to 15 percent 
of the net weight of the beets. Idaho experiments for the past few years 
have shown a yield of 1 ton of beet tops from every 3.2 tons of sugar 
beets harvested. 

The moisture content of beet tops and the method of preparation 
causes a tremendous variation in the feed value, and for that reason it 
is rather difficult to arrive at any definite figures as to the relative 
values of beet tops as compared to other succulent roughages. In Colo- 
rado experiments, beet tops that were dried and cured in the field were 
worth about $4.90 per ton in fattening rations for steers. In contrast, 
beet tops that were stacked in layers of straw were worth only about 
35 percent of the value of corn silage. 

For the past 3 years we have conducted tests at the Idaho Station 
comparing the value of corn silage and beet-top silage. The beet-top 
silage used was stacked with layers of straw above the ground. Our re- 
sults have shown that beet-top silage is worth about one-third less per 
ton than corn silage for steers, but has not proved to be very valuable 
for fattening lambs. 

At the Colorado Station a comparison of beet tops that were pas- 
tured in the field with tops dried and fed in the lot, and beet tops put 
up as silage, showed some advantage in favor of the dried tops. If the 
weather is favorable, pasturing of tops may be done with very little 
waste. But the consensus of opinion seems to be that it does not pay to 
pasture the tops in the field if maximum use of feed is desired. How- 
ever, the method of preparation, whether it be ensiling or partially dry- 
ing, is primarily a question of individual preference and of facilities avail- 


able. 


Dried Beet Pulp 

Where there is an excess of wet beet pulp and a demand for the 
more concentrated product, large quantities of pulp are dried and sold in 
competition with grain. Dried molasses beet pulp or dried beet pulp 
should be classified as a concentrate feed, but it is rather bulky in nature. 
It has the same nutritional limitations as wet pulp, being deficient in pro- 
tein, vitamins, and phosphorus. We should keep in mind that dried beet 
pulp is merely wet beet pulp with the moisture extracted by a drying 
process. The relative feeding value of dried and wet pulp has been found 
to be in the same ratio as their dry-matter content. In Colorado experi- 
ments, dried pulp was worth 8.4 times the feeding value of wet pulp. 

At the present time nearly all pulp is mixed with molasses and sold 
as dried molasses beet pulp. The ratio is usually 1,600 pounds of dried 
pulp and 490 pounds of dried molasses per ton of product. In this con- 
nection it might also be interesting to know that it takes about 1 ton of 
sugar beets to produce 95 pounds of plain dried pulp or an approximate 
ratio of 20 to i. 

There is some variation in the experimental results as to the compar- 
ative value of dried beet pulp and grain. However, beet pulp is princi- 
pally a grain substitute and must compete on the market with grain, 
excepting where it is used as a specialty feed to provide bulk or to serve 
as an appetizer. In general, dried molasses beet pulp is equal to grain 
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for fattening livestock, and therefore, cannot ordinarily demand a higher 
price than grain unless warranted by the convenience or special reasons 
for feeding it. 

In Colorado experiments, dried molasses beet pulp was equal to corn 
as a fattening feed for yearling and 3-year-old steers. 

For sheep in Wyoming experiments, dried molasses beet pulp pro- 
duced satisfactory gains but was found to be more expensive than wet 
beet pulp. A summarization of 10 experiments indicates that lambs fed 
a mixture of dried molasses beet pulp and shelled corn made as rapid 
gains on the average as lambs fed corn as the only concentrate. In these 
experiments, dried molasses beet pulp was worth 95 percent the value of 
shelled corn. In California research, dried molasses beet pulp was equal 
to barley. In 18 experiments conducted by the Nebraska and Wyoming 
Stations, dried molasses beet pulp had a value of about 80 percent of 
corn. 

In addition to its value as a fattening feed, dried molasses beet pulp 
is used to provide bulk in a ration, and many times is reconstituted with 
water to provide a succulent feed for show cattle and for high-producing 
dairy cattle. Many feeders like to feed dried beet pulp as part of the 
ration because its bulky nature prevents digestive disorders and aids 
considerably in keeping the cattle or sheep on feed. It is used extensively 
in show-cattle rations and is popular with feeders who are trying to pro- 
duce animals for the showring or sales. 

Results of comprehensive feeding trials conducted in widely separ- 
ated sections of the country, therefore, establish for sugar-beet by-pro- 
ducts an important and valuable function in animal feeding. It is perti- 
nent to this discussion to calculate the total values represented by this 
by-product phase of our sugar-beet industry and to determine the ratio 
of such totals to what the farmer receives from the processor for his 
beets. 

The latest sugar-beet-production data, for a complete year, are for 
1940, and, according to ““‘The World Sugar Situation,’”’ Bureau of Agri- 
cultural Economics, United States Department of Agriculture, the total 
American production for that year was as follows: Sugar beets,.12,192,- 
000 tons; molasses pulp, 189,000 tons; moist pulp, 1,625,000 tons; other 
dry pulp, 114,000 tons; molasses (in addition to that included in molasses 
pulp calculated on a basis of computation used by the Colorado Experi- 
ment Station), 46,200 tons. In addition to the above, the beet tops left 
on the field after the harvesting of the beets represented something like 
40 percent of the total weight of the 1946 beet crop. Jack Maynard of 
the Great Western Sugar Company estimates that, on a field-cured basis, 
the tops represent .2 ton for each ton of beets. Applying this method to 
the 1940 crop, the total tunnage of field-cured tops was 2,438,400 tons. 

Applying to this total 1940 production the values heretofore set forth, 
in this review of experimental work, the by-products for that year had 
for our livestock feeders a total value of approximately $24,000,000. 
Comparing this with the total amount received by the farmer the same 
year for his beets, which, including Government benefit payments, was 
$86,010,000, establishes for the by-products listed above a value of ap- 
proximately 28 percent of the payments for beets, or approximately 22 





22 AMERICAN Society Sucar-BEet TECHNOLOGISTS 


percent of the estimated total value of the beets and their by-products. 
Using current higher feed prices rather than the normal prices considered 
in the feeding experiments, and recognizing the somewhat more liberal 
estimates of the value of by-products made by some sugar-beet-industry 
authorities, one might well justify a claim that these by-products used 
primarily in animal feeding have a value equal to about one-third of the 
compensation received by the farmer for his beets. 

Speaking now of Idaho, the 1940 total volume of sugar-beet produc- 
tion ranked fourth among the states, and we were a close second to Cali- 
fornia in average, acre yield. The Idaho harvest was from 71,000 acres 
which produced 1,141,000 tons of beets for which the farmers received 
$7,549,000. The Idaho by-products, on the basis of figures heretofore 
quoted, had a value to the feeding industry of approximately $2,000,000 
and possibly as much as $2,500,000 when combined with other feeds for 
various classes of livestock. 

Idaho sugar-beet production including its by-products, therefore, rep- 
resents a very considerable percentage of the State’s total annual incre- 
ment of agricultural wealth, and brings to our farms various other sub- 
stantial benefits and advantages. Through the Experiment Station and 
the Extension Service of the University, we have endeavored to be help- 
ful to this industry and expect to continue to assist in every way we can 
toward its attainment of the greatest possible efficiency and success. 

In summarization: First, the American sugar-beet industry, the ma- 
jor tonnage of which is grown in our western states, each year brings to 
us a substantial volume of new wealth from a specialized agricultural 
crop and from values found inherent in its by-products. 

Second, it has a direct and marked effect upon our farm economy, 
necessitating that we strengthen our soil resources by adding fertilizing 
materials, that we practice well-organized rotation systems and that we 
use the best of farming methods. 

Third, and finally, this industry brings new values to the agricultural 
area in which it is located through the impetus it gives to the introduc- 
tion of livestock and the establishment ot a feeding industry. This, in 
turn, materially contributes to the permanence and success of the farm 
enterprise. 





Virus Diseases of Sugar Beets 


©. W. BENNETT! 


In the United States there are two virus diseases of relatively 
wide distribution on sugar beets. These are curly top and beet mo- 
saic. In addition to these there are several other virus diseases that 
are less commonly observed ; notably savoy, cucumber mosaic on beet, 
a vein-yellowing mosaic, and one or two others of lesser importance. 


The viruses that produce diseases in plants fall into two general 
classes: (1) Those which increase and move in the phloem and which 
cause disturbances characterized by vascular proliferation and necro- 
sis, and (2) those which increase and move in the parenchyma or 
ground tissue of the plant, and which cause disturbances character- 
ized by spotting and mottling of the leaves. The virus of curly top 
belongs to the first group and the virus of beet mosaic to the second. 


The majority of plant viruses are transmitted by insects. Most 
of the vectors are sucking insects, and feed on the vascular tissue 
of the plant. This type of feeding is probably essential in the trans- 
mission of a virus, such as that causing curly top, which is closely 
limited to the phloem. Many of the viruses causing mosaics also are 
transmitted by this type of insect. 

The mouthparts and feeding habits of sucking insects, such as 
leafhoppers and aphids, are well adapted to transmission of plant 
viruses of all types, as may be illustrated by the beet leafhopper, 
Eutettiz tenellus. The beet leafhopper has very small but very 
strong setae which penetrate the epidermis and underlying cells of 
the leaf and enter the phloem of the vascular bundle. As the tissue 
is penetrated the insect gives off a liquid excretion (saliva) which 
solidifies around the mouthparts. When the mouthparts are with- 
drawn this material is left in the leaf and marks the path taken by the 
mouthparts when they were inserted. This secretion evidently car- 
ries the virus which is liberated in the plant to cause infection. 


In order to cause infection, however, the saliva must be intro- 
duced into the phloem. The beet leafhopper is very effective in ac- 
complishing this, due to its remarkable ability to locate the vascular 
region. As shown by the salival sheaths left in the tissue, many of 
the punctures are started from the leaf surface in directions which, if 
continued, would fail to contact the phloem. However, when the 
mouthparts come to within four or five cells of the general region 
of the phloem, they curve in the direction of the phloem until the 
vascular region is penetrated. Information bearing on the probable 
reason for this peculiar ability possessed by the beet leafhopper 
has been obtained. ' 


1United States Department of Agriculture. 
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It is well known that the phloem of the plant has an alkaline 
reaction, whereas the parenchyma usually is acid. Fife and Framp- 
ton showed that between the alkaline phloem and the acid parer- 
chyma there is a transition zone extending through a distance cov- 
ered by four or five parenchyma cells, in which the cells become less 
and less acid as the phloem is approached. Apparently, the leafhop- 
pers are able to detect this gradient and follow it into the phloem 
tissue. 


The beet leafhopper is able to introduce sufficient virus into a 
beet plant to cause infection in a feeding period of 1 minute. Also, 
in a feeding period of 1 minute, the insect is able to pick up enough 
virus from a diseased plant to render it able later to infect other 
plants. However, longer periods of feeding are more effective both 
for transmitting the virus to healthy plants and for acquiring the 
virus from diseased plants. 


Once the virus is picked up from the plant, it enters the ali- 
mentary tract and passes into the blood of the insect. From the blood 
it passes into the salivary glands, from which it is returned to the 
plant through the medium of the saliva. This passage of virus from 
the blood to the salivary glands apparently is a very gradual process, 
for once the leafhopper has acquired virus it retains the ability to 
transmit disease for long periods. There is no evidence, however, 
that the virus increases in the insect. 


Certain insects other than the beet leafhopper are able to pick up 
the curly-top virus and retain it for 3 weeks or more, but none of 
these is able to produce infection; presumably either because the 
virus cannot pass from the alimentary tract into the blood or, if it 
enters the blood, it cannot pass through the salivary glands. 


The relation of the curly-top virus to the plant is also somewhat 
interesting. It has been found that when the virus is introduced into 
the tip of a beet leaf by the beet leafhopper it moves very rapidly 
away from the point of introduction toward the growing point. Six 
minutes after a leafhopper has started feeding on the tip of a beet 
leaf, the virus may have moved away from the point of introduction 
a distance of 6 inches or more. There is very good evidence that this 
movement takes place in the phloem. 


Other evidence indicates that the curly-top virus is very closely 
limited to the phloem elements of the vascular bundles. For example, 
when rings breaking phloem continuity are placed in the internode 
of the stem of a tobacco plant the virus is unable to pass from the 
top of the plant toward the base and infect parts below the rings. 
Also, in a beet the liquid derived from the phloem, either as exudate 
from diseased petioles or as exudate from the cut surface of a beet 
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root, contains high concentrations of virus, whereas an extract from 
parts of the beet containing no phloem has little or no virus. 


Although the virus moves rapidly from the tip of a beet leaf 
toward the growing point, it moves very slowly from the growing 
point toward the tips of mature leaves. Also, in beets with two crowns, 
one crown may be infected and show curly top for a period of several 
weeks during which time the other crown may be free from disease. 
However, when the non-infected crown is placed in the dark, or de- 
foliated, the virus moves into it and, within a period of a few days, 
produces typical curly-top symptoms. When etiolated beet leaves are 
kept in the dark and inoculated by means of leafhoppers, the virus 
does not readily move out of the leaves and enter the crown of the 
plant. This evidence indicates a close correlation between the move- 
ment of the curly-top virus and the transport of carbohydrates in the 
beet plant. Similar evidence indicating a general correlation between 
virus movement and food transport has been obtained, using the virus 
of beet mosaic as well as certain viruses common on tobacco. 


This apparent correlation between the movement of virus and the 
transport of carbohydrates in the plant may prove to be of consid- 
erable significance in the study of the factors responsible for the 
transport of food materials within the plant. Thus, knowledge ob- 
tained from the study of the movement of viruses through plant parts 
may aid materially in solving some of the problems of food transport. 








Methods of Measuring Soil Moisture 


N. E. Epiersen!, A. B. C. ANpDERSON2, and W. B. Marcum? 


We have been concerned for many years with the problems relat- 
ed to scil moisture and its use by plants. Many ideas along these lines 
have gone through a considerable evolution, especially in the western 
part of the United States during the past 30 years. In the early years 
of investigation, many recommendations to farmers were based on the 
results of laboratory experiments without adequate trials under field 
conditions. This accounts in part for some of the apparent ecntra- 
dictions and disagreements. We are convinced, from our attempts to 
earry out detailed and basic work under laboratory conditions, that 
the results of such work should be regarded only as a temporary 
step, and should be investigated under field conditions—in other 
words, on the ‘‘ proving ground,’’ before too much is recommended to 
growers. It is, we believe, almost as unsatisfactory to recommend 
practices to growers merely from field trials since under these condi- 
tions it is often difficult to get at the basic factors. In the work we 
are reporting in this paper, we therefore attempted to carry on our 
laboratory experiments parallel with the field experiments. 

In our work we have recognized two more or less critical mois- 
ture contents which are characteristic of any soil, namely, the perma- 
nent wilting percentage and the moisture equivalent, the former being 
the lower limit of moisture content which is sufficiently available to 
plants to keep them growing normally, and the latter being, for a 
wide range of soils, the upper limit of moisture content (field capa- 
city) which is found 2 or 3 days after a soil has been irrigated, using 
a moderate amount of water—say enough to wet it to a depth of 6 
feet. We recognize, as do all investigators, that these so-called con- 
stants are not absolutely constant for a given soil—they represent 
narrow ranges of moisture content. The results of experiments con- 
ducted by the California Agricultural Experiment Station have dem- 
onstrated that the moisture between these two limits is sufficiently 
available to supply roots at a normal rate, and therefore that plants 
seem to grow normally as long as the moisture content of the soil con- 
taining the major portion of the roots is above the permanent wilting 
percentage. 

The expression ‘‘soil-moisture measurement’’ has been used 
rather loosely, and one is often not certain as to just what is meant 
by it. We recognize two qualities of soil moisture in which we are 
vitally interested. One of these is the amount of water per unit mass 
of the soil. The other one is the availability of the moisture to the 

Mrrigation Division, University of California, Davis, California. 


*Irrigation Division, University of California, Davis, California. 
‘Spreckels Sugar Bect Co., California Fruit Bldg., Sacramento, California. 
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plant. This latter quality can be measured by the energy per unit 
mass required to remove the water from the soil. As water is trans- 
pired by a plant, obviously energy must be expended to take moisture 
from the soil and transpire it. Over the range of moisture content be- 
tween the field capacity and. the permanent wilting percentage, this 
energy is largely expended in the leaves of the plant, only a small 
portion of the total energy being required to carry the moisture from 
the soil into the leaves. However, at moisture contents below the per- 
manent wilting percentage, the amount of energy per unit mass re- 
quired to remove the water from the soil increases very rapidly as 
the moisture content decreases. Even though the difference between 
the energy per unit mass required to remove the water from the soil 
at field capacity and at permanent wilting is not very great as com- 
pared with the total energy required, yet it is sufficient so that it can 
be measured. 


As an index for need of irrigation we could, therefore, use either 
the amount of water in the soil or its availability; or we might use 
some device which depends on a combination of these two qualities. 
There are a number of physical characteristics of soil moisture which 
might be used to evaluate the magnitude of these two qualities of soil 
moisture, namely, quantity of water per unit mass of soil and its avail- 
ability. For example: (1) We might take a soil sample, weigh it 
wet and weigh it dry. We could, therefore, obviously determine the 
quantity of moisture in it. (2) Since the heat conductivity of the soil 
is a function of its moisture content, we should theoretically be able 
to determine the moisture content by measuring the heat conductivity. 
(3) Since the electrical conductivity also depends upon the moisture 
content, it likewise has been suggested as a method of measuring it. 
(4) If water is placed in a closed porous cup in contact with the soil, 
the capillary attraction in the soil will tend to decrease the pressure 
of water in the cup. This ability to decrease the pressure depends 
upon the moisture content and, therefore, offers a possibility of meas- 
urement of soil moisture. (5) Another characteristic of soil moisture 
is its dielectric constant. This also varies with the moisture content 
and would seem to offer possibilities for measuring moisture content. 
All the above characteristics are also possessed by the moisture in any 
porous material in equilibrium with moist soil. There are other char- 
acteristics which might be made use of in the laboratory but seem to 
offer little possibility for field use. 


During the past 2 years, we have made a systematic study of a 
number of these methods of measuring soil moisture although we do 
not have the same amount of data on-all of them. The one method 
upon which we have the most data and which seems to offer the most 
promise at the present time is the two-electrode plaster-of-paris block 
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first suggested by G. J. Bouyoucos.* The following report, therefore, 
gives some of our data on laboratory and field tests, using these blocks. 

Some investigations in which one of the authors participated some 
years ago indicated that when a porous material is placed in a soil 
of a given moisture content, equilibrium is not established in many 
eases for a long time. 

One of the first things we suspected in the use of plaster-of- 
paris blocks was that there would be a distinct lag in the moisture con- 
tent of the block behind that of the soil in which it was placed. To 
test this point, blocks were placed in soils of various moisture contents 
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*Bouyoucos, G. J., and Mick, A. H. An electrical resistance method for the con- 
tinuous measurement of soil moisture under field conditions. Mich. Agr. Exp. Sta. 
Tech. Bul. 172:1-38, April, 1940. 
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from which evaporation was.prevented. The resistance of these blocks 
was read from time to time and the results are shown in figure 1. 

It is obvious from the results that the lag is very great, especially 
in the dryer soils. This simply means that it is impossible to calibrate 
these blocks by placing them in soils of various moisture contents un- 
less a great length of time is required for the operation. This also 
would seem to indicate that if placed in soils under field conditions 
in which plants are growing, the block might be a long way from 
equilibrium with the soil, and therefore might be regarded as a poor 
indicator of soil moisture. It has been demonstrated by many investi- 
gators that soil moisture moves only very slowly and that one cannot 
depend upon moisture moving to the roots to supply them with water. 
The roots must grow into moist soil. This led us to believe that even 
though there was a big lag when no plants were growing, we might 
expect much less lag when growing roots permeate the soil surround- 
ing the block. The only way we can test this point is to carry the 
blocks through what we have called several cycles. By a cycle we 
simply mean the complete series of moisture changes gone through 
when the soil containing the blocks is wetted and then dried out by 
the plants. 

If electrical resistances are made on the block and the moisture 
content (of the soil containing transpiring plants) is measured at fre- 
quent intervals, one can plot a curve between the two variables, soil 
moisture, and resistance of the block. One such curve can be made 
for each cycle. If the curves for the different cycles fall on top of 
one another, and the rates of transpiration during the different cycles 
have been different, one would conclude that the lag under field con- 
ditions is negligible, and therefore, that the electrical resistance of 
the block might be used as.an index of soil moisture. In figure 2 are 
shown the data for 3 typical blocks placed in soil on which plants 
were growing under laboratory conditions. Nine such cycles were 
earried out during the life of the plant. The small numbers along 
the curve indicate the cycle from which each determination was made. 
Since these points fell so close together, it was necessary to indicate 
the cycle by putting the numbers off the line and connect them to the 
points by a straight line. It is obvious that the agreement is excellent 
and we conclude, therefore, from these laboratory results that the lag 
of the block behind the soil when plants are growing is negligible. 

A comparison of the curves for each of the blocks indicates the 
agreement between the different blocks. It is evident that they are 
quite similar. Attention is called to the two vertical lines through the 
eurves. As indicated, the line to the right represents the moisture 
equivalent for the soil, whereas the line to the left indicates the per- 
manent wilting percentage. It will be noted that the values of the 
resistances at field capacity are approximately the same for each block 
and that likewise the resistance at the permanent wilting percentage 
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growing in the laboratory. The numbers distributed along the curve indicate the 
cycle from which the data were obtained. 
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is approximately the same for all blocks. In the neighborhood of the 
permanent wilting percentage the resistance increases very rapidly 
with decrease in moisture content. It is therefore almost impossible 
to fix an exact value of the resistance corresponding to the permanent 
wilting percentage. 


As pointed out above, however, laboratory results are not enough 
upon which to base recommendations for field practice. During the 
last growing season, a large number of field trials were made on sugar 
beets and in one case, sudan grass. The blocks were placed in plots of 
about 100 feet square. Dikes were put up around the edge of each 
plot so that the irrigation inside the plot could be regulated to give 
the desired conditions for experimental work. The blocks were placed 
in the center of the second and fourth-foot sections, three blocks being 
placed at each depth in each plot. The purpose in using three was to 
find out the agreement between the different blocks. An effort was 
made to get as many cycles as possible in the laboratory, namely, to 
get an indication of the ability of the blocks to replicate themselves. 
Obviously, it was impossible to get as many cycles under field condi- 
tions as it was under laboratory conditions because the volume of soil 
to which the roots had access was much larger. We were, however, 
able to get three replications in some of the plots and two in others, 
for the blocks in the second-foot section. The soil in the fourth-foot 
section was dried to the permanent wilting percentage in only one 
ease so that the results are not so complete at this depth. 


The amount of data obtained from our results is much too ex- 
tensive to present here in the short space available. We can, however, 
present the results for the blocks at the center of the 2-foot section, 
that is, 18 inches below the surface for three textures of soil, namely 
a sandy loam, a silt loam, and a clay loam, all of the Yolo series. In 
figures 3, 4, and 5 are presented the complete results for the three 
blocks at this level for each of the three types of soil. At the left- 
hand side of the graphs are shown the resistance curves and the mois- 
ture-content curves as a function of time. Irrigations are indicated 
by changes in the moisture-content curve from a low value to a high 
one, with increasing time. It will be noted that the resistance changes 
at the same time from a high value to a low value. Attention is called 
to the larger number of ¢ycles in the sandy loam soil than the others. 
This is obviously because of the fact that the available water which 
this type of soil can hold was much less than in the other types, and 
it was, therefore, necessary to irrigate it more frequently to keep the 
beets growing. 


“To test the replicability of the blocks under these field conditions, 
the resistance is plotted as a function of moisture content for each 
eycle on the right-hand side of the figure for each of the three blocks. 
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Figure 4.—Curves showing moisture content of Yolo silt loam as a function of 
time, and electrical resistance as a function of time, together with the derived curve 
showing the resistance as a function of moisture content for three plaster-of-paris 
blocks at the 18-inch depth under field conditions. 
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blocks at the 18-inch depth under field conditions. 
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It will be noted that the replicability is quite satisfactory. This sim- 
ply means that under the field conditions experienced, the blocks were 
fairly good indicators of the moisture conditions in the soil. 


At field capacity and higher-moisture contents for all the soils 
the resistances of the blocks are nearly constant between 400 and 600 
ohms, while the resistance when all the available moisture is used 
might go as high as 500,000 ohms as in figures 3 and 5. The crop on 
the plot from which the data for figure 4 were blamed did not use all 
the available water. 


From our work we conclude that the blocks have approximately 
the same resistance in different soils when all the available moisture 
is used, and also have approximately the same resistance at the mois- 
ture equivalent in different soils. This was to be expected since for 
reasons which would require too long to discuss at this point, we be- 
lieve that the resistance of the block is a measure of the energy per 
unit mass required to extract the water from the soil. From previous 
work we know that the energy per unit mass required to remove the 
water from the soil is approximately the same for all soils tested at 
the permanent wilting percentage, and for most soils at the field ca- 
pacity, although there are some exceptions in the latter case. 


The fact that the blocks have approximately the same resistance 
in all soils which we have tested at the permanent wilting percentage 
makes them especially useful as an indicator of need for irrigation. 
It will be noted from the figures, as mentioned earlier, that the re- 
sistance increases very rapidly as the moisture decreases in the neigh- 
borhood of the permanent wilting percentage. A knowledge of the 
way the resistance of the block is changing as time progresses, there- 
fore, makes it possible for the operator to anticipate the nearness of 
the approach of the permanent wilting percentage. 


For field practice, therefore, in irrigation procedure we have 
recommended that when the resistance of the block is about 10,000 
ohms it is a warning that the moisture in contact with the block is al- 
most exhausted. At this resistance there is still some moisture avail- 
able, the amount of which depends upon the soil. Of course, the block 
if placed near the surface may reach this value long before the beets 
need irrigation because they would have their roots where water is 
available at lower depths. Since sugar beets seem to grow normally 
as long as there is available water in the top 4 feet of soil, it is possi- 
ble to place these blocks at levels such that when they indicate that 
the permanent wilting percentage has been reached, there is still 
some water available at depths below where the block is placed and 
hence safety can be obtained by regulating the depth at which the 
block is placed. Also, as mentioned above, if one desires to he can 
have another safety in the use of the block by simply irrigating a little 
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before the permanent wilting percentage is approached as indicated 
by the block. 


These studies were carried out on fertile alluvial soils on the alka- 
line rather than the acid type and of fairly low salt content. The 
conclusions drawn here, therefore, may not always be valid under 
the latter conditions, and furthermore the tests were carried out with 
only relatively fine-textured soils of the Yolo series. We feel, how- 
ever, that for the soils studied the two-electrode blocks made in the 
manner which we used are fe‘rly reliable guides upon which to base 
a rational irrigation practice. We feel that further tests should be 
made with these blocks before they can be recommended for general 
use on all soils. 





Practical Control of Date of Irrigation by 
Means of Soil-Moisture Blocks 


H. W. DauLperG! and Asa C. Maxson? 


The need has long been felt for a practical method for determin- 
ing when a given soil should be irrigated and how much water should 
be applied. The drought of the last 10 or 12 years has focused the 
attention of the practical irrigator and those engaged in irrigation 
investigations upon the need for water conservation through a more 
earefully controlled use of the water available. 

From the point of view of the practical irrigator, 3 questions are 
involved. (1) When should water be applied? (2) How much water 
should be applied? (3) When has the required amount of water been 
applied ? 

The method which will answer these questions with the necessary 
degree of accuracy, and with the smallest amount of labor, and in the 
shortest time is the one all are looking for. 

After considering the several methods available, the Research De- 
partment of the Great Western Sugar Company decided to try the 
electrical-resistance method developed by Dr. G. J. Bouyoucos and his 
associates. This method is described in Technical Bulletin 172 of the 
Michigan Agricultural Experiment Station, by Bouyoucos and Mick. 

Work with this method was begun in a small way by the Agricul- 
tural Research Department of the Great Western Sugar Company in 
1940. The results were so promising that. the work was expanded in 
1941 to include all of the company’s factory territories comprising 
parts of Colorado, Nebraska, Wyoming, and Montana. 

In 1941 three hundred and twenty-six fields were studied. These 
covered a wide range of soil types and fertility. In each, moisture 
determinations were made at 12, 24, and 36 inches below the surface. 

No systematic effort was made to use resistance figures in the 
control of irrigation. For the most part water was applied as the 
grower’s and fieldman’s judgment dictated, and water supplies per- 
mitted. Resistance readings were made weekly throughout the sea- 
son from June to October. 

Bouyoucos and Mick found with the same percentage of moisture 
the ohms resistance varied within quite wide limits when soils of dif- 
ferent types were compared. 

Preliminary studies conducted by the research laboratory of the 
Great Western Sugar Company, in which several types of soil were 


1Research Manager, Great Western Sugar Company, Denver, Colorado. 
2In charge of Agricultural Experiment Station, Great Western Sugar Company, 
Longmont, Colorado, 
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used, show that where approximately 50 percent of the available mois- 
ture has been exhausted, the ohms resistance varied from 10,100 to 
34,000. 

Differences in the soluable-salt content and the temperature of 
the soil cause variations in ohms resistance. However, the salt content 
of soils suitable for crop production does not reach a point sufficient- 
ly high to interfere with the practical use of the resistance method. 


Experience has shown that the use of resistance blocks less than 
12 inches below the surface is impractical. At this depth soil tem- 
peratures vary so little that their effect may be ignored. 

Bouyoucos and Mick state that where moisture trends only are 
being considered, resistances of 400 to 600 ohms represent field capa- 
city, and as resistances approach 60,000 to 75,000 ohms, all available 
soil moisture is about exhausted. Observations to date indicate that 
many of our soils show lower resistances at field capacity than those 
of Bouyoucos and Mick, and that resistances may run considerably 
higher than 60,000 to 75,000 ohms before available moisture ap- 
proaches exhaustion. 

Recent soil studies have shown that many of the soils of the east- 
ern slope of the Rocky Mountains contain so little available plant food 
in the second and third foot below the surface that plant growth is al- 
most impossible without the addition of plant-food elements, especial- 
ly phosphorus and nitrogen. 

Other studies covering a period of 10 years (1910 to 1919) show 
that the greatest growth of sugar-beet root takes place during the first 
half of August, and the next most important time is the last half of 
July. Therefore, in this study considerable attention has been paid 
to the moisture movements at the 12-inch level during July and Aug- 
ust. Previous to July 1 and after August 31 soil moistures were quite 
constantly high in 1941 so that their inclusion tended to confuse the 
results of this study. 

Realizing that unless soil-moisture movements as indicated by re- 
sistance can be associated with the yield of beets, the resistance 
method has no practical value, the yields of roots were secured on 
262 of the fields studied in 1941. 

The first question to be answered is, therefore, at what resistance 
does a measurable reduction in yield take place? 

Bouyoucos and Mick found that Miami silt loam had lost about 
one-half of its available moisture when the ohms resistance reached 
2,500, and at 60,000 to 75,000 ohms resistance the wilting point had 
been reached. 

To determine at what point reduction in yield of roots takes 
place, all fields under observation for which yields had been secured 
were grouped according to the resistances recorded for each. 
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Based somewhat on the statements of Bouyoucos and Mick, four 
resistance groups were used: (1) Fields the first foot of which never 
showed resistances as high as 2,500; (2) fields whose first-foot re- 
sistance reached points between 2,500 and 3,000; (3) fields having re- 
sistances in the first foot over 3,000 but under 10,000; and (4) fields 
the first foot of which dried to a point where the resistance reached 
points over 10,000. 

These groups disregarded soil type which further study showed 
to be quite important. The results of this grouping are shown in 


table 1. 
Table 1 





Average 
Ohms Resistance Tons Beets Per Acre 





NE Te tectitscnstesininsnsaincisctihsistiaitibiailinmmsiiniagininninentinnismiiiniinnion 16.81 
Se UP IID -cncisinseriniiesnineaititinovindonieineneningoaicindeanbtiebnnapinassiennntagiatil 16.32 
Over 3,000 Under 10,000 ............ . 17.15 
Over 10,000 Oe eS Le a 16.85 








These figures indicate quite clearly that if any relation exists 
between ohms resistance and yield of sugar beets, some other factor or 
factors are involved, or that our classes are not correctly selected. 

The effect of soil type has been suggested. To study this point 
all fields classed as sandy loam and clay loam were used. Based on 
ohms resistance, each soil type was divided into two groups: (1) 
Fields whose ohms resistance never reached 3,000 at the 12-inch level 
during the season, and (2) those the resistance of which at the 12- 
inch level was over 10,000 at some time during the season. By this 
use of extremes it was hoped the confusion due to intermediate 
classes would be avoided. The results of this type of grouping are 
given in table 2. 

Table 2 





Ohms Resistance ee Average Tons Per Acre 
Sandy Loam ee 





Clay Loam 


Umer SCGD nn. ncenncceccccceeeenceeeeseses 17.28 
Cr TOD inecccsncnccscscssccccn cesses 17.87 











Because of differences in their physical nature and field water- 
holding capacity, over-irrigation on sandy soils is more probable than 
on the heavier types. 

In attempting to maintain a high-moisture content, especially at 
the 2 and 3-foot levels, more leaching would probably take place in 
sandy than in clay soils. This we believe to be the cause of the low 
yield on the sandy loam soils where the ohms resistance never reached 
3,000 in the first foot. 
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The figures in table 2 emphasize the importance of soil type in 
using the resistance method. 

So far subsoil moistures have not been considered in our study. 
In order to determine their influence, all fields were grouped as fol- 
lows: (1) Fields whose second and third foot never reached 10,000 
ohms resistance ; (2) fields whose second foot reached 10,000 ohms re- 
sistance but the third foot never reached that point; (3) fields whose 
second and third foot both reached 10,000 ohms resistance but neither 
reached this point over 10 percent of the time; (4) fields in which 
the second foot reached 10,000 ohms resistance less than 10 percent 
of the time while the third foot reached 10,000 or over more than 10 
percent of the time; and (5) fields the second and third foot of which 
reached 10,000 ohms resistance or over more than 10 percent of the 
time. 

Table 3 gives the results of this grouping, the mean resistance 
for the first, second, and third foot, and the mean yield of beets for 
each group. ° 





Percentage of Time 
Resistance over 10,000 ohms 
Average Tons 








ist Ft. 2nd Ft. 3rd Ft. Beets Per Acre 
— fe a 0 15.31 

10.1 11.0 - 0 16.06 
10.7 53 3.6 17.28 

2.6 5.8 18.7 19.65 


22.2 32.1 14.6 20.81 





The groups are arranged in the table in the order of their wet- 
ness during the season. 

This phase of our study does not inelude all of the 262 fields 
represented by yields. Representative fields from each factory dis- 
trict, both high and low-yielding fields, and all soil types are repre- 
sented. 

Conclusions.—The results of 2 years’ use of the electric-resistance 
method of studying soil-moisture movements lead to the conclusion 
that it furnishes a sufficiently accurate and speedy means of control- 
ling the use of irrigation water to warrant its continued use. 

The results of our studies indicate that soils may be grouped ac- 
cording to soil types, thus avoiding the calibrating of each field in 
using this method. 

The results of the 1941 studies lead to the conclusion that espe- 
cially on sandy soils much water can be saved through the use of this 
method of studying soil-moisture movements. 

The soils of the eastern slope of the Rocky Mountains can be al- 
lowed to dry to the point of recording 10,000 or more ohms resistance 
for a considerable part of the time without loss of yield. 





Studies of Moisture Requirements of 
Sugar Beets’ 


S. B. NucKois?2 


Experiments dealing with soil-moisture relationships of sugar 
beets have been conducted in 1940 and 1941 on two fields similar in 
soil type and contour located near Scottsbluff, Nebr. In these ex- 
periments, irrigation water has been applied at the rates of 3, 4.5, 
and 6 acre-inches of water per irrigation, and each rate of application 
has been used with a series of sugar-beet plots in which the plants had 
reduced the available soil moisture to a 50, 25, or 0 percentage level. 
This study has been conducted only 2 years and on one type of soil, 
hence additional and wider tests are needed before the findings are to 
be used a& an indicator of the proper method of irrigation of sugar 
beets under varied climatic conditions, and on varied types of soils. 


However, certain principles have been revealed concerning the 
relations between the amount of moisture available in the soil and the 
relative growth of the beet crop, which should hold true for almost 
any soil and for many different climatic conditions. A correlative 
finding from the study indicates that temperature and air humidity 
effects, as they influence plant moisture requirements, need be taken 
into consideration in any conclusions to be drawn. 


From a practical standpoint, it is clear that more careful ap- 
plications of irrigation water should be given if plants are to obtain 
their necessary moisture supplies efficiently. In this connection, it 
is very important to know the minimum amounts of water that can 
be used in irrigation applications which will serve to produce maxi- 
mum yields of sugar beets, since the supply of water for irrigation 
is often limited, and the application of water to land requires con- 
siderable labor. The customary plan of irrigation of sugar beets in 
western Nebraska which is now in vogue seems to be based more 
upon available supply of water in the ditch than any other factor. 
Irrigation is usually begun about July 1, unless a dry planting sea- 
son occurs and watering is required to induce germination of seed. 
After July 1, the crop is irrigated approximately every 10 days until 
the middle of September. Three acre-inches of water are considered 
a very light irrigation and 6 acre-inches are a very common irriga- 
tion, while sometimes as much as 12 acre-inches are applied. 


1These experiments were conducted in cooperation with the Great Western Sugar 
Company. H. W. Dahlberg, Manager of Research, supplied equipment and assisted 
in planning the experiment, and N. J. Muscavitch, chemist at the Scottsbluff factory, 
assisted in the laboratory and fieldwork. 

“Associate Agronomist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture. 
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Much improvement has been made in the methods of irrigation 
as more scientific information has become available. It is reasonable 
to believe that in the future farmers, in applying irrigation water 
to fields, will give more attention to such factors as: Available soil 
moisture present at different soil levels, and also to the existing eli- 
matic conditions and their marked influence upon the use of moisture 
by the plants. 

The experiments conducted in 1940 and 1941, where available 
soil-moisture levels were accurately checked by the use of recently per- 
fected equipment, furnish some new information regarding the mini- 
mum amount of water required to produce maximum yields of sugar 
beets in western Nebraska. 


Experimental Work 


The amount of moisture in the soil at the time of planting of 
the beet seed, has a considerable effect upon the early growth of the 
plants during the time which elapses before irrigation is necessary. 
In these experiments the fields were both fall irrigated and at the 
time of planting, so the soil was amply supplied with moisture to a 
depth of 3 feet or more. Test borings were made to a depth of 7 
feet to determine that there was no watertable or seepage. 

The crop was planted in April in 1940, the seedlings emerged 
before May 1, and were harvested November 1, which provided a 
growing period of 180 days for the sugar beets. There was no frost 
injury to the crop from May 1 to November 1 in 1940, and a similar 
condition existed in 1941. The 1941 beets were planted in early May, 
had emerged on May 15, and were harvested on November 4, which 
provided a slightly shorter growing season than that of 1940. The 
irrigations were begun in 1940, on July 5, and in 1941, on July 7. 
The climatic conditions in this area in the season of 1940 and in the 
season of 1941 were both accompanied by more than normal seasonal 
rainfall which reduced the requirements for irrigation. 

The fields selected for this series of experiments were relatively 
uniform and located so that a supply of irrigation water could be ob- 
tained whenever desired. The same series of 36 plots were laid off 
each year in fields where there was a good stand of sugar beets, 
thinned to approximately 12 inches in the row and rows 20 inches 
apart. Each plot was approximately 60 feet long and consisted of 
12 rows in 1940 and 15 rows in 1941. Plots were diked so there was 
no run-off of irrigation water. 

There was some slope to parts of the field but no more than 2 
inches in any plot, and the water was run on each plot very slowly 
so as to provide for penetration. However, it must be admitted that 
the low end of the plots sometimes received more water than the 
high end. 
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The irrigation water was conveyed to the plots by use of metal 
flumes in which there were outlets which could be set to distribute 
the water equally to each row of the plot. The amount of water 
used was caleulated carefully in gallons of flow per minute from the 
outlet of the flume to the furrow. 

There were nine treatments with four replications of each treat- 
ment. The treatments fall into interrelated series as to the rates of 
water application and situation as to the soil moisture when the vari- 
ous applications are made. Twelve plots were irrigated with 3 inches 
of water per application, 12 plots received 4.5-inch applications, and 
12 plots, 6-inch applications. The differential rates of watering were 
subdivided so that four plots for each application rate were irrigated 
while the soil still contained a high-moisture content (50 percent, 
approximately, of total available moisture still present). Four were 
irrigated when approximately 75 percent of the available moisture 
had been used ; and four received irrigation water only when the soil 
began to approach the wilting point. 

Plaster-of-paris blocks to permit the readings on soil moisture 
by the electric-resistance method were placed in the ground at depths 
of 12, 24, and 36 inches, which made possible a study of the distri- 
bution of the water in the soil to the depth of 36 inches. The read- 
ing of the block at the 12-inch depth was the one most often used 
to determine time at which the appropriate irrigation should be ap- 
plied to a plot. In 1940, a block was set at a depth of 6 inches while 
in 1941 this block was not used. Two sets of blocks were placed in 
each plot in 1941, one set at each end of the plot. In 1940, only 
one set of blocks was used. 


Method of Soil-Moisture Determinations 

The electrical-resistance method for measurement of soil mois- 
ture as developed by Bouyoucos and Mick (1) was used in this ex- 
periment.* In this method, small plaster-of-paris blocks, in which 
electrical connections are embedded, are placed permanently in the 
soil. These blocks absorb or release water approximately as does the 
surrounding soil. The ohms of electrical resistance between the fixed 
terminals in the absorption blocks are measured by means of a spe- 
cial type of Wheatstone bridge. There are certain necessary pre- 
cautions to be taken in the construction of the blocks and their place- 
ment in the soil in order to obtain readings of resistance that can be 
translated into soil-moisture percentage readings. 

A block embedded in soil from this field when in saturated con- 
dition gave a resistance reading from 350 to 500 ohms, and at the 
wilting point of this soil the resistance varied from 60,000 to as high 
as 100,000 ohms. When approximately 50 percent of the available 
moisture had been removed the readings varied from 1,500 to as 


*Figures in parentheses refer to Literature Cited. 
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much as 3,500 ohms. Readings from 5,000 to 10,000 ohms indicated 
that approximately 75 percent of the available soil moisture had been 
removed. A soil with a 30 percent water-holding capacity requires 
a higher reading to indicate that a given percentage of the available 
soil moisture had been removed than does a soil with a 15 percent 
water-holding capacity.‘ With a table calculated from proper basic 
information for given soil, it is possible to translate quickly the read- 
ings of a block into available soil-moisture percentages. Ordinarily 
in this experiment 250 blocks were read in approximately one-half 
day. 

The basie information needed to interpret properly a reading in 
ohms of resistance of an absorption block in the soil was obtained by 
utilizing as samples the soil removed when the plaster-of-paris blocks 
were placed. Moisture equivalents and hygroscopic coefficients were 
determined for the soil samples. These are recognized as indicating 
respectively the approximate amount of water the soil retains after 
saturation and the amount of water the soil retains after plants have 
removed the maximum available amount. 


The approximate moisture equivalent for these fields in which 
these experiments were conducted is 20 percent for the top foot of 
soil, 13 percent for the soil between 12 and 24 inches in depth, and 
11 percent for the third foot. The hygroscopic coefficient for this 
same field is 8 percent for the top foot, 6 percent for the second foot, 
and 5 percent for the third foot of soil. 


By subtracting the hygroscopic-coefficient percentage of mois- 
ture in the soil from the moisture equivalent of the same soil, it is 
possible to obtain an approximation of the available moisture, or in 
other words, the amount of water that plants can remove from this 
particular type of soil. From these data, it was estimated that the 
plants could remove from the soil of this field approximately 12 
percent of moisture from the surface foot of soil, 7 percent from the 
second foot, and 6 percent from the third foot. These figures indicate 
that the plants could remove slightly in excess of one-half of the total 
moisture held by the soil when saturated. It is also shown that more 
moisture was available for the plants from the top foot of soil than 
from the lower depths. This condition is due to the field having a 
sandy or almost pure sand type of soil below the surface foot. There 
are many fields in this area which have a greater water-holding 
capacity in the lower soil strata than in the surface foot of soil. 


*‘Bouyoucos and Mick (loc. cit. page 15) comment that changes in concentration 
of the soil solution in alkali and saline soils may, however, be large enough to make 
use of this method impractical. Salinity concentrations of the soil solutions in the 
field under consideration and their changes throughout the season are believed to be 
such as not materially to have influenced the readings. The prevailingly high yields 
obtained, together with the general course of individual readings taken throughout 
the test, strongly bear out this assumption. 
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Actual determinations of the wilting point, using sunflower 
plants, were also made with samples of the soil to check the other 
determinations that were made. The sunflower plants were grown 
in mason jars. In some of the jars, absorption blocks were placed 
to determine the relations between the readings of resistance and the 
amounts of water in the soil. When the soil was in a saturated con- 
dition, the blocks had a resistance reading of approximately 400 ohms. 
When the plants had reached the wilting point the ohms of resist- 
ance had risen above 75,000 in all instances. The moisture remaining 
in the surface foot of soil when the plants had reached the permanent 
wilting point was approximately 10 percent, in the second foot it was 
8 percent, and in the third foot it was 7 percent. This indicated that 
the plants could not remove one-half of the total moisture in saturated 
soil. 

The hygroscopic-coefficient method of study of soil moisture in- 
dicated that slightly more than one-half of the total moisture held by 
the soil when saturated could be used by the plants, whereas the wilt- 
ing point determinations indicated that less than one-half of the total 
moisture was available to plants. Under field conditions, however, 
it is often assumed that one-half of the moisture held by a saturated 
soil is available for plant growth. 


Comparison of 1940 and 1941 Weather Record 


The weather-recording instruments were located about 1 mile 
from the field, which provides a close approximation of the field con- 
ditions. A record of precipitation and temperature is essential for 
interpretation of an irrigation experiment. 


The rainfall for April, May, and June in both 1940 and 1941, 
was sufficient to maintain a saturated condition of the soil to a depth 
of 3 feet or more, since it was a saturated soil to this depth on April 
1. In 1940 the total June rainfall was 1.32 inches while in 1941 it 
was 4.96 inches. The July precipitation in 1940 was 1.56 inches and 
in 1941 it was .92 inch. The August precipitation in 1940 was .41 
inch and the 1941 precipitation was 1.28 inches. The September 
precipitation for 1940 was 2.77 and in 1941 it was 1.25 inches. The 
total rainfall for June, July, August, and September was 6.06 inches 
in 1940 and 8.41 inches in 1941. 


The 1940 season was of higher temperatures than the season of 
1941 for the months of June, July, August, and September. The 
mean maximum temperature for June 1940 was 7 degrees higher than 
that for the same month in 1941, while the same measure of tempera- 
ture for 1940 was 4 degrees higher for July; 3 degrees higher for 
August; and 7 degrees higher for September than it was in 1941. 
The mean minimum temperatures were also lower for June, July, 
August, and September for 1941 than they were in 1940. 
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The climatie conditions in 1940 and 1941 were such that the per- 
iod in which sugar beets required irrigation was shorter than is nor- 
mally expected. It was not necessary to irrigate before the first week 
in July, and in 1940 there was no indication that there were any 
benefits from irrigation after August 16, while in 1941 no irrigations 
were applied to the 36 testplots after August 5. Some other testplots 
in the same field were irrigated on September 3 in comparison to ad- 
jacent plots which had had similar treatment previously throughout 
the season. There was no significant increase in sugar obtained by 
irrigating on September 3. 


Quantities of Irrigation Water Used 

Less water was used on the experimental plots in 1941 than in 
1940. To maintain the available soil-moisture level at 50 percent, a 
total of 24.13 aere-inches of water was used in 1940 and 13.13 acre- 
inches in 1941. In the plots where the irrigation water was applied 
when 75 percent of the available moisture had been used, 18.50 acre- 
inches were applied in 1940, and 9.42 acre-inches in 1941. In those 
plots which were permitted to approach exhaustion of the available 
soil moisture to a depth of 12 inches, 13.38 acre-inches of water were 
applied in 1940, and only 7 acre-inches of water were applied in 1941. 
The mean amount of water applied to all plots in 1940 was 18.67 
acre-inches and in 1941 the mean amount applied was 9.85 acre-inches. 
Approximately 50 percent as much water was used in 1941 as in 1940, 
and regardless of this fact, the average block readings were slightly 
lower in 1941 than in 19490. 

The tons of beet roots harvested were 22.30 tons per acre in 
1940 and 21.15 tons in 1941, which is a relatively small difference. 
The fields were very similar, although the 1941 field was planted ap- 
proximately 25 days later than the 1940 field. These irrigations were 
conducted so that water was applied when a need for it was indicated 
by the soil-moisture blocks, and in 1941 plots did not indicate that 
as many applications were necessary to maintain the proper moisture 
level ; therefore, less was applied. 

There immediately arises the question as to why less water was 
necessary in 1941 than in 1940. It is impossible definitely to answer 
such a question ; however, some substantiating evidence can be placed 
in the discussion. 

Numerous experiments have shown that the use of water by 
plants is regulated by a number of factors such as available moisture 
in the soil, temperature, and humidity. Miller (2) found that plants 
used approximately the same amount of moisture whether the soil was 
saturated or only in a good tilth, and other investigators have found 
similar conditions. They have also found that to decrease the avail- 
able soil moisture to below that for good tilth lowers the rate of 
transpiration. Wilted plants have a much lower rate of transpiration 
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than those with an optimum amount of moisture. In the driest plots 
in the 1940 experiment, there were certain days when some of the 
plants were severely wilted while in 1941 much less wilting occurred. 

The entire Nebraska territory in 1941 produced a higher yield of 
sugar beets than in 1940. In 1941 there were very few fields in the 
area that ever indicated any severe lack of moisture by excessive 
wilting of the plants. There was a period of about 1 week during the 
latter part of July and the first part of August when the tempera- 
tures and humidity were sufficiently high to cause some wilting of 
commercial beet fields where the supply of water was inadequate. 
In 1940 much more of this wilting was prevalent in the commercial 
beet fields. 

Kiesselbach (3) found that plants in a greenhouse with relative 
humidity of 58 percent required 56 percent more moisture than plants 
grown in a greenhouse with a relative humidity of 37 percent. Briggs 
and Shantz (4) at Akron, Ohio, found that the range of water re- 
quirements during different years due to prevailing climatic condi- 
tions is very great. For example, the lowest year at Akron averaged 
only 61 percent of that of the highest year: These men found that 
due to changes in weather conditions the loss of water from plants ° 
varied as much as 600 percent on successive days. In this respect, 
Briggs and Shantz found that during a period of 10 days many crop 
plants lost as much as 25 percent of the total water transpired during 
the entire growing season. Richardson (5) working in Australia, 
found that alfalfa in bloom transpired as much as 25 percent of the 
total seasonal water in 3 days. 

These various experiments in plant physiology are quoted to sub- 
stantiate the probability of their use as an explanation for the varia- 
tion in use of water by the sugar-beet crop grown in these experi- 
ments in 1940 and 1941. 

Another probability which would be suggested by men in irri- 
gated territories is that there would be a rise in the ground level of 
the watertable in this particular field so that the plants were able 
to obtain moisture from an underground source. In this field there 
were 5 holes drilled to a depth of 7 feet, and at no time during the 
growing season was there water found in these holes. The blocks which 
were placed in the ground to a depth of 36 inches on the particularly 
dry plots had continued high readings during the entire month of 
August, reaching readings which indicated that more than 75 percent 
of the available moisture had been used. 

There is nothing to indicate that there is any lack of the reli- 
ability of the determination of the amount of moisture available in 
the soil by the use of blocks; therefore the indications are that the 
differences are due to a lesser requirement of irrigation water by the 
plants in 1941 than that of 1540. A greater use of rainfall water may 
have occurred in 1941. 
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Table 1.—Sugar-beet yields from irrigation experiment at Scottsbluff, Nebraska, 1940, 
in which irrigation water was applied at different rates, and at different 
levels of exhaustion of available soil moisture. 





Water Applied 





Approximate moisture 








at 12-inch level when Application rate in acre-inches 12-plot 
irrigation was made 3 4% 6 averages 
percentage inches inches inches inches 

nO 18.00 25.88 28.50 24.13 

25 12.75 20.25 22.50 18.50 

0 11.25 12.3 16.50 13.38 

12-plot averages 14.00 19.50 22.50 seins 





Calculated Acre-Yield of Gross Sugar 








tons tons ‘ tons tons 
50 3.843 4.061 3.968 3.957 
25 3.295 3.364 3.581 3.413 
0 3.019 3.187 3.284 3.163 
12-plot averages 3.386 3.537 3.611 





Caleulated Acre-Yield of Roots 








tons tons tons tons 
50 23.8 24.2 24.4 24.1 
25 21.8 21.8 22.7 22.1 
0 20.2 20.5 21.4 20.7 
12-plot averages 21.9 22.2 A 





Sucrose Percentage as Determined from Samples 





percentage percentage percentage percentage 








50 16.2 16.8 16.3 16.4 
25 15.0 15.4 15.7 15.4 
0 15.0 15.5 15.3 15.3 
12-plot averages 15.4. 15.9 15.8 wtitidl 
Differences required for gross tons percentage 
significance? sugar roots sucrose 
4-plot averages 0.540 2.48 1.28 eo 
12-plot averages, inches 
of water per irrigation 0.320 1.36 0.68 ae 


12-plot averages, level 
of soil moisture 0.264 1.19 6.65 outte 
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Table 2.—Sugar-beet yields from irrigation experiment at Scottsbluff, Nebraska, 1941, 
in which irrigation water was applied at different rates, and at different 
levels of exhaustion of available soil moisture. 





Water Applied 





Approximate moisture 








at 12-inch level when Application rate in acre-inches 12-plot 
irrigation was made 3 4%, 6 averages 
percentage inches inches inches inches 

50 10.50 12.38 16.50 13.13 

25 6.00 10.33 12.00 9.42 

0 5.33 6.75 9.00 7.00 

12-plot averages 7.28 9.79 12.50 —— 





Calculated Acre-Yield of Gross Sugar 








tons tons tons tons 

50 3.734 3.655 3.756 3.715 
25 3.505 3.667 3.548 3.603 
0 3.571 3.701 3.791 3.687 








Calculated Acre-Yield of Roots 


























tons tons tons tons 
50 21.53 21.17 21.73 21.47 
25 20.70 21.33 20.77 20.93 
0 20.38 21.12 21.72 21.07 
12-plot averages 20.87 21.20 21.40 
Sucrose Percentage as Determined from Samples 
percentage percentage percentage percentage 
50 17.38 17.26 17.30 17.31 
25 17.38 17.20 17.10 17.22 
0 17.500 17.53 17.48 17.50 
12-plot averages __ ote 17.42 at 17.33  —_—_ ae 
Differences required for gross tons percentage 
significance sugar roots sucrose 
4-plot averages 0.805 1.43 a 
12-plot averages, inches 
of water per irrigation 0.148 0.75 0.35 _—— 


12-plot averages, level 
of soil moisture 0.145 0.88 0.42 aman 
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Plants can maintain a normal growing condition in soils which 
do not have a large amount of water available, provided the tem- 
perature and humidity are such that no excessive amount of water is 
demanded to keep the plants in a turgid condition. However, in the 
practice of irrigation the grower does not know when a hot, dry per- 
iod may begin, and he prefers to keep a sufficient amount of soil 
moisture available to meet the occasional maximum demands since 
a large field of beets cannot be immediately irrigated when wilting be- 
gins to appear. However, the grower can practice light irrigations 
when he knows that the lower soil levels have a sufficient supply. 


Sugar-Beet Yields 

The sugar-beet-root yields obtained in these two experiments 
were high, and the sucrose percentages were average for the season. 
The results are given for 1940 in table 1, and the results for 1941 are 
given in table 2. In 1940 there were significant differences due to 
treatment, while in 1941 there were no significant differences due 
to treatment. This can be taken as an indication that in 1940 the 
maximum yield was obtained only by application of more than the 
minimum amount of moisture, while in 1941 the maximum yield was 
obtained by the use of the minimum amount of moisture. 

In 1940 the most efficient use of water was obtained by applica- 
tion of only 3 inches of water per application, while the application of 
41% inches or 6 acre-inches of water per irrigation gave no increased 
benefits. The same can be said in regard to the experiment con- 
dueted in 1941. 


Production Per Unit of Land 

In 1941 the maximum yield of gross sugar per acre was obtained 
where the irrigations were maintained at frequencies sufficient to 
keep the available soil moisture at at least 50 percent of the total, 
available, moisture-holding capacity of the soil. In 1941 there were 
no significant differences in relation to the amount of moisture 
available ; however, there were no long periods in which the available 
moisture had dropped close to the wilting point. The irrigations on 
these plots were applied during the period of highest temperatures 
and lowest humidities, and the successive rain during the month of 
August tended to maintain many of the plants at a rather high level 
of available moisture. 

There should be a vast difference in the effect upon the crop 
as to whether it was permitted at one time during the season to re- 
duce the available soil moisture to the approximate wilting point, or 
whether it had to carry practically through the entire season while 
growing in soil with a very low available moisture content. In 1941 
some plots did not have very high amount of available moisture at 
any time during the latter half of July or August and September; 
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Figure 1.-—Acre-yield of gross sugar in tons for the 9 different irrigation methods 
used. 
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however, the yield of 21 tons of roots per acre does not indicate that 
they suffered very severely. The effect of the different applications 
of irrigation water upon the gross sugar from 1 acre of land is 
shown by the curves. (Figure 1.) 


Production Per Unit of Irrigation Water 

An acre-inch of water is considered a unit in calculation of re- 
turns from water applied by irrigation, and the curves indicate that 
there is a considerable difference in the returns in 1940 from that in 
1941 in the experiments conducted. (Figure 2.) This does not take 
into consideration the water which was available in the soil at the 
time the crop was planted, or the precipitation which fell upon the 
field during the season. 

In 1940 the minimum amount of gross sugar produced by the 
use of 1 acre-inch of water was .135 ton which was obtained where 
water was applied at the rate of 6 acre-inches per irrigation, and in 
frequencies sufficient to maintain the soil-moisture level at 50 per- 
cent or above. The maximum efficiency of water was obtained with 
a production of approximately twice the amount of gross sugar ob- 
tained by 6 applications where .268 ton of gross sugar was obtained 
for each acre-inch of water applied at the rate of 3 acre-inches of water 
per irrigation, and when the soil-moisture level approached exhaus- 
tion before another application of water was made. In 1941 the min- 
imum and maximum utilizations were. obtained by identical treat- 
ments. The application of water at the rate of 6 acre-inches, 
and maintaining the soil moisture level at 50 percent or above, pro- 
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Figure 2.—Yield of gross sugar in tons for quotas of 1 acre-inch of irrigation 


water as used in these experiments. 
duced .228 ton of gross sugar per each acre-inch of water applied, 
while the application of water at the rate of 3 inches when the mois- 
ture level had approached zero, produced .670 ton of gross sugar for 
each acre-inch of water used. 

Summary 

The results of these experiments are based upon the amount of 
irrigation water applied where run-off was prevented and no account 
taken of losses from percolation of water to.depths beyond recovery 
by plants. The application rate for each irrigation was either 6, 44%, 
or 3 aere-inches. The effects on yield of the amount of water per ir- 
rigation were only slight and differences were not significant. Since 
the amount of water used per field unit was less with light irriga- 
tions, possibilities of irrigation methods which will supply more land 
area with a given quantity of water are clearly indicated. 

In 1940 the maintenance of soil moisture at the higher levels was 
essential for the higher production of gross sugar, while in 1941 this 
was not essential. The differences in rainfall, temperature, and 
humidity may explain the reasons for this difference. 
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In 1940 the maximum amounts of water for the season produced 
greatest yields of gross sugar per acre, and in contrast, minimum 
amounts of water per season produced the greatest yield per acre- 
inch of water used. The greatest efficiency in use of both water and 
land seems to be obtained by frequent irrigations with the minimum 
application rate 3 inches. In this experiment, the advantageous 
treatment consisted of six irrigations per season with 3 acre-inches of 
water per irrigation, or a total use of 18.00 acre-inches of water for 
the season,.as contrasted with more lavish water use in certain treat- 
ments and scanty applications in others. 

In 1941 there was no significant difference in the yields of gross 
sugar per acre: The lavish use of water in certain treatments and the 
scanty use in others indicate that the use of more than 3 inches of 
water per irrigation was not essential, and that the seasonal rainfall 
was such that only one irrigation was necessary during the entire 
growing season. 

These experiments indicate that the use of the soil-moisture 
blocks and application of the water only when needed make it possible 
to grow maximum yields of sugar beets in western Nebraska with a 
smaller amount of irrigation water than is sometimes applied. The 
fact that in 1940 and 1941, in these experiments where soil-moisture 
blocks were used, the irrigations were greatly reduced or discontinued 
early in August and maximum yields of sugar beets obtained, indi- 
cates that by the use of information regarding the amount of avail- 
able soi! moisture, the use of irrigation water may be reduced. 
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Some Soil-Moisture Conditions in Relation 
to Growth and Nutrition of the 
Sugar-Beet Plant’ 


L. D. Doneren?® 


Sugar beets utilize soil moisture over a wide range without af- 
fecting growth or sugar content. This has been shown by investiga- 
tions extending over a period of 8 years on the irrigation of beets by 
the University of California. The range in which sugar beets can 
utilize moisture is the same as for other crops (1), extending from 
field capacity, which is the moisture held in a soil when movement 
has practically ceased after a rain or irrigation, to the permanent 
wilting percentage, or the soil-moisture content at which plants wilt 
and do not recover unless water is added to the soil.° The results 
show that sugar beets readily secure water between the field capacity 
(when determined in the laboratory, this is known as the moisture 
equivalent) and the permanent wilting percentage. This range of 
soil moisture has been termed ‘‘readily available moisture.’’ The 
above statements assume that there is a thorough distribution of 
roots in the soil. 


A study was made of the rooting habits of the sugar-beet plant 
by soil sampling and obtaining moisture-extraction curves. Beets 
planted in January or February have the advantage of the late 
winter and early spring rains. Under these conditions the roots will 
extend and utilize all the readily available moisture even between 
the rows, to a depth of about 4 feet. A month later the reot system 
will have permeated the soil to about 5 feet in depth. This seems to 
be about the limit of root penetration, except under a prolonged 
period of wilting when some moisture will be extracted from the 
sixth-foot depth. Beets planted late in the spring, after the rains, 
and making their early growth under warmer weather conditions, 
will usually wilt before all the available moisture has been extracted 
in the top 4 feet, and wilting may occur when the first 2 or 3 feet 
have reached the permanent wilting percentage. 


Although the above results have been secured in several dif- 
ferent parts of California, some investigators believe that better 
growth is produced when the soil moisture is maintained at a rela- 
tively high level, enabling the plant to obtain more nutrients more 


'The author takes this opportunity to express his indebtedness to the Spreckels 
Sugar Company for making this work possible. The Spreckels Sugar Company pro- 
vided the land, grew the sugar beets, sampled the soil for moisture, harvested 
the beets for yields, and determined the sugar in the roots. 

*Assistant Irrigation Agronomist, University of California, Davis. 

"Figures in parentheses refer to Literature Cited. 
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readily than when the soil moisture is allowed to be depleted nearly 
to the permanent wilting percentage. This is thought to be particu- 
larly true of nitrogen, as the availability of this element is due 
primarily to the biological activity of soil organisms, and it is sup- 
posed that relatively moist soil may favor their growth. High 
soil-moisture content is usually obtained by light frequent irrigations. 


This report is concerned with the effect of various soil-moisture 
conditions on the nitrogen availability to the sugar-beet plant. The 
nutrient element, nitrogen, was selected because (a) it is the prin- 
cipal element which may be deficient in this area, and (b) its 
availability is due primarily to biological activity of soil organisms 
which may be influenced by soil moisture. 


Experimental Plan and Methods of Procedure.—The experiment 
was conducted on Yolo loam. Twenty-seven plots, 20 feet by 300 
feet (12 rows wide), were laid out contiguously having their long 
axis perpendicular to an irrigation ditch. The plots were random- 
ized into three irrigation treatments as follows: 


a. Plots in which the soil-moisture content was maintained at 
a relatively high level so that the plant always had a large amount 
of readily available moisture throughout the growing season. This 
series of plots was termed the ‘‘wet treatment’’ as it received 11 


irrigations on the following dates: May 29, June 13, 27, July 11, 
25, August 1, 8, 15, 22, 29, and September 8. 


b. In the ‘‘medium treatment’’ the readily available soil mois- 


ee 


ture was reduced to a lower level than in the ‘‘wet treatment,’’ but 
the soil moisture was not allowed to reach the permanent wilting 
percentage. Six irrigations were applied as follows: June 20, July 1, 
25, August 15, September 8, and 19. 


e. The third series of plots was not irrigated until the soil 
moisture was reduced to the permanent wilting percentage in the 
3 top feet of soil. Several times slight wilting occurred before 
water was applied. This series was termed the ‘‘dry treatment’’ 
and received 5 irrigations, which were applied on the dates of 
June 27, July 11, August 1, 29, and September 19. 


Soil samples were taken from two locations in each plot at 
approximately weekly intervals in 1-foot sections to a depth of 5 
feet for soil-moisture and for nitrate-nitrogen studies. In present- 
ing the results, the samples were combined by foot depths for each 
treatment. The permanent wilting percentage and moisture equiva- 
lent were determined from representative soil samples for each foot 
section. 


Growth rates were obtained: by harvesting 20 beets per plot, 
or 180 beets for each treatment at 2-week intervals. Five consecu- 
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(average of 9 plots). 
wilting percentage are indicated by the solid and broken horizontal lines, respectively. 


(Courtesy of Spreckels Sugar Company) 


1.—Soil-moisture conditions in the “wet treatment” for sugar beets 1941 
The moisture equivalent (field capacity) and the permanent 
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Fig. 2.—Soil-moisture conditions in the “medium treatment” for sugar beets 


1941 


(average of 9 plots). 


The moisture equivalent (field capacity) and the 


permanent wilting percentage are indicated by the solid and broken horizontal 
respectively. 


lines, 
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(Courtesy of Spreckels Sugar Company) 


Fig. 3.—Soil-moisture conditions in the “dry treatment” for sugar beets 1941 
(average of 9 plots). The moisture equivalent (field capacity) and the permanent 
wilting percentage are indicated by the solid and broken horizontal lines, respectively. 


tive beets were harvested in a row from four different areas in each 
plot. At each harvesting date; one beet was left in the row as a 
buffer, and the next five beets were used. The beet tops were 
weighed and representative samples were taken for percentage mois- 
ture and total nitrogen determinations. The sugar-beet roots were 
weighed and analyzed for sugar and total nitrogen. 


Nitrate-nitrogen content of the soil was determined by a slightly 
modified phenoldisulphonic-acid method. Total nitrogen content of 
the plant was determined by a modified Kjeldahl method. 


Results.—The soil-moisture conditions for the three treatments 
are shown graphically in figures 1, 2, and 3. According to these 
records, the soil moisture in the ‘‘wet treatment’’ reached the per- 
manent wilting percentage in the first foot twice during the season, 
July 10 and 25. No wilting was observed on any of the nine plots 
in this treatment. In the ‘‘medium treatment,’’ the soil moisture 
nearly reached the permanent wilting percentage to a depth of 3 
feet in 3 of the 6 irrigations during the summer, and the moisture 
in the fourth and fifth foot was also reduced to a low level of avail- 
able soil moisture. At all times there was sufficient moisture to pre- 
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Fig. 4—Nitrogen, in the form of nitrate-nitrogen, for surface 5 feet of soil, 
at the various soil-sampling dates, for the three irrigation treatments, 1941. 





vent wilting. In the ‘‘dry treatment’’ the moisture usually reached 


the permanent wilting percentage in a large mass of the soil before 
it was irrigated. Slight wilting oceurred in some of the plots before 
the irrigation on August 1, and a more severe wilting before August 
28. Although the graph shows some readily available soil moisture 
in the fourth and fifth-foot depths, individual records of the nine 
plots showed some of them to be at the permanent wilting percent- 
age, in the top 5 feet of soil, and it was in these plots that wilting 
occurred. 

The quantity of nitrogen (in form of nitrate-nitrogen per acre) 
in the top 5 feet of soil is given in figure 4. General soil samplings 
were made on May 15 and 24 over the area previous to the differ- 
entiation of treatments. Comparison of figure 4 with 1, 2, and 3 
shows no relation of nitrate-nitrogen with soil moisture or frequency 
of irrigation. But figure 4 illustrates that as the root system of 
the beet develops, the nitrate-nitrogen is reduced to a low level. 

The growth rate of the fleshy sugar-beet root is not affected 
by soil-moisture conditions, provided available water is present in 
the area of root development (fig. 5). The percentage sugar in the 
beet roots from the three treatments is given in figure 6. 

On July 22, the study was enlarged to include the percentage 
nitrogen in the tops and roots. At this date, the average weight 
of sugar-beet roots was 7.7 ounces. The green weight, oven-dry weight, 
and the percentage nitrogen of the leaves are given in figure 7. 
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Fig. 5.—Average weight of 180 sugar beets per treatment at 


the individual 
harvesting dates, for the three irrigation treatments, 1941. 
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Fig. 6.—Average percentage sugar of 180 sugar beets per treatment at the 
individual harvesting dates, for the three irrigation treatments, 1941. 
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There was a marked difference in the weight of leaves as harvested 
from the ‘‘dry plots’? when compared to the ‘‘wet’’ or ‘‘medium’’ 
treatments. It is interesting to note that the dry leaves weighed 
about the same, which shows that the difference in weight of leaves 
is due primarily to the water content. The slight reduction of dry- 
leaf weight in the ‘‘dry treatment’’ was probably caused by the 
loss of dead leaves at harvesting. Some variability occurs in the 
percentage nitrogen in the leaves; but in general, it decreases as the 
season advances, (fig. 7) and apparently is not influenced by soil 
moisture. The percentage nitrogen in the roots decreases slightly 
as the season advances until about September 1 when an increase 
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Fig. 7.—Weight of green leaves, oven-dry leaves, and percentage nitrogen in dry 
leaves for sugar beets (S.B.) at various harvesting dates for three irrigation treat- 
ments, 1941. 
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oceurs (fig. 8). This is accompanied by a marked decrease in per- 
centage nitrogen of the leaves (fig. 7). 


The weights of nitrogen in roots, leaves, and total nitrogen 
per acre are given in figure 8. The weight of nitrogen is obtained 
by multiplying the percentage nitrogen by the yield per acre at the 
various harvesting dates. This represents the quantity of nitrogen 
the plant removed from the soil with the exception of that in the 
small fibrous roots. When this phase of the investigation was 
started, the sugar beets contained approximately 145 pounds of 
nitrogen per acre, and at this date the amount of nitrate-nitrogen 
in the soil was very low (fig. 4). However, between July 22 and 
October 2, the plants obtained approximately 105 pounds of nitro- 
gen from the soil. Markedly different soil-moisture conditions ex- 
isted for the three treatments in this period: The wet treatment 
received 7 irrigations, the medium, 4, and the dry, 3. However, 
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the total amount of nitrogen the plant obtained from the soil was ap- 
proximately the same for the various irrigation treatments. These in- 
vestigations would suggest that the soil organisms functioned in the 
production of nitrate-nitrogen over a wide range of soil moisture, 
and probably there is no optimum percentage above the permanent 
wilting percentage at which organisms grow best. 


Summary 

1. The growth of sugar beets is independent of soil moisture 
as long as readily available water is present in the soil; or the mass 
of soil in contact with the roots is maintained above the permanent 
wilting percentage. 

2. Nitrate-nitrogen of the soil is not affected by varying the 
readily available soil moisture by frequent irrigations. Even though 
the soil reached the permanent wilting percentage, there was no 
reduction of nitrate-nitrogen. 


3. The nitrogen content of the roots and leaves and the total 
nitrogen removed by the crop is not influenced by variation of soil 
moisture in this experiment. 


Literature Cited 


(1) Veihmeyer, F. J. and Hendrickson, A. H. Essentials of irri- 
gation and cultivation of deciduous orchards. Calif. Agr. 
Exten. Cir. 50, 1936. 





Sugar-Beet Growth and Soil-Moisture Study 


W. B. Marcum, Gro. L. Barry, G. D. MaNnvuEt' 


Experimental evidence is not conclusive as to the effect on 
plant growth of maintaining the soil moisture somewhere near the 
field capacity, as compared with permitting the soil moisture to 
approach the wilting point before replenishing it. 

To obtain information on the effect of varying moisture levels 
on sugar-beet production, plots were laid out in commercial sugar- 
beet fields in the Woodland District of California on soil of the 
Yolo sandy loam series in 1941. 

The procedure called for three treatments: 

1. Wet treatment: Soil moisture to be kept as near as possible 
to field capacity for a depth of 5 feet throughout the entire 
growing season. 

Medium treatment: The average soil moisture for a depth 
of 5 feet not to be allowed to drop below 50 percent of the 
field capacity. 

3. Dry treatment: Soil moisture to be allowed to reach the 
permanent wilting point in the surface 4 feet of soil before 
applying additional water. 

The plots were 300 feet long, 12 rows in width, and the spacing 
between the rows was 20 inches. Each treatment was replicated 
9 times in randomized series. Beets were planted on April 16, and 
the average thinned stand for each of the plots was as follows: 

Beets per 100 Feet of Row 
Wet Treatment mes “ 142 


Medium Treatment a ee: a EE 
Dry Treatment eietinatncniasn: ae 


Each treatment was separated by a border levee. To obtain 
yield data, 250 feet in each of the two center rows of each repli- 
cation were harvested. 

Irrigation treatment of the various plots is as follows :* 

1. Wet Treatment: The permanent wilting percentage (P.W.P.) 
was reached in the first foot of soil twice during the season 
but was kept above P.W.P. at all other depths during the 
entire growing period. The fourth and fifth foot of soil 
were maintained above a point midway between field capa- 
city and P.W.P. during the entire growing season. No 
wilting was observed in any replications of this treatment. 


1Spreckels Sugar Company. 

2For graphs of soil-moisture content for the three treatments, see figures 1, 2, 
and 3, respectively, in the article by L. D. Doneen in these Proceedings, entitled 
“Some Soil-Moisture Conditions in Relation to Growth and Nutrition of the Sugar- 
Beet Plant.” 
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Medium Treatment: The permanent wilting percentage was 
reached or closely approached twice in the first, second, and 
third-foot depths of soil during the season. Only the fifth 
foot was maintained above the midway point between field 
capacity and the permanent wilting percentage. 


Dry Treatment: The permanent wilting percentage was 
reached or closely approached five times in the first foot, 
four times in the second foot, twice in the third foot, and 
twice in the fourth foot. The moisture in the fifth foot 
eame as close as five points to the permanent wilting per- 
centage three times, but wilting of the beets in several of 
the replications necessitated addition of irrigation water to 
prevent possible injury. 


Yield data obtained are as follows: 


Tons Per Acre 


eS a 
Medium Treatment .... quetunacententntvintibenesnsuaussiuumnenenainvnanges . 22.02 
a 


Discussion.—F ailure to obtain satisfactory penetration of mois- 
ture resulted in less difference in moisture treatment between the 
three plots than had been anticipated. It is probably significant to 
note, however, that within the range of differential moisture treat- 
ment in the three plots, there was no significant difference in beet 
yields. 





Irrigation of Sugar Beets Grown for Seed in 
Hemet Valley, California 


CHARLES Price! and M. R. Hupertry2 


Experiments on irrigation of sugar beets grown for seed were 
conducted during five seasons. In each season, uniform irrigation 
over the whole field was practiced until about May 1, or shortly 
before the beginning of the blooming period. After that time, the 
field was divided into several series of six replicated plots each. 
Each series was then irrigated at intervals of varying lengths, such 
as 7, 14, and 21 days. The relative amounts of water applied at 
each irrigation to the 14 and 21-day series were two and three 
times, respectively, of that applied to the 7-day series. Thus, effort 
was made to apply the same total amount of water to each series, 
regardless of the frequency of application. 

Soil-moisture studies were conducted to determine the avail- 
ability of moisture at all levels to a depth of 8 feet, in the 14 and 
21-day-interval plots. The relative humidity of the air during 
flowering time was determined in each series of plots and in the 
adjacent open field. There was no obvious deficiency of moisture 
shown by the plants in any of the treatments. The relative humidity 
of the air was the same in all irrigation treatments, and distinctly 
higher than in the adjacent open field. Obviously, where there 
was a dense, high stand of seedstalks and an adequate supply of soil 
moisture, the sugar beets had a marked influence on the humidity 
of the atmosphere immediately adjacent to them. 

The seed yields showed that where the soil moisture was sup- 
plied in adequate amount the yields were practically the same, re- 
gardless of the frequency with which water was applied. The same 
was found to be true with regard to germination. 


Results of Irrigation with Sugar Beets 


Interval Yield of Germination ‘Yield of viable 
between clean seed of seedballs, seed per acre 
irrigations per acre 14-day period 


Pounds Percentage Pounds 
Tests in 1938 
7 days 3539 Us 3362 
days 3288 3025 
days 3454 3212 
Tests in 1939 
7 days 3088 2532 
days 3094 2444 
days 3093 2474 





' Associate Agrenomist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture. 
*Associate Professor of Irrigation, University of California. 





The Relationship of Nitrogen to the 
Formation of Sugar in Sugar Beets’ 


ALBERT ULRICH? 


The extensive studies in Europe on the influence of nitrogenous 
fertilizers applied to sugar beets have resulted in the general con- 
clusions that excessive quantities of nitrogen depress the sugar con- 
tent of the beets, delay ‘‘ripening’’ at harvest time, cause excessive 
top growth, and inerease the ‘‘harmful nitrogen’’ content of the 
beets. In contrast to an excess of nitrogen, a deficiency resulted in 
low sugar-beet yields. 

Under the climatic conditions prevailing in Berkeley, California, 
beets growing in pots were found frequently to be low in sugar when 
they were in a state of vigorous growth at the time of their harvest. 
Similar observations have been made in the field when beets had 
received large applications of nitrogenous fertilizers, or when beets 
followed several years of alfalfa. In contrast to the fields with an 
excess of nitrogen, preliminary studies have indicated that the low 
yields in many areas in California have been caused by a deficiency 
of nitrogen. Apparently, from these observations neither an excess 
nor a deficiency of nitrogen is desirable for efficient beet-sugar 
production. 

In order to study the relationship of nitrogen to the formation 
of sugar, it is necessary to have some index of the nitrogen status of 
the sugar-beet plant. Such an index must be readily determinable 
and must indicate the supply of nitrogen available for growth. 
Recent work by Gardner and Robertson (5) has shown the suit- 
ability of the diphenylamine test for estimating the nitrate content 
of sugar-beet petioles. This test was applied in the present investi- 
gation, not only to the petioles but also to the blades of leaves taken 
from the outside and center portions of the sugar-beet plant. Since 
nitrates are reduced readily within most plants, the possibility re- 
mained that the total soluble-nitrogen content of the leaf portions 
(outside blades and petioles only) would indicate better the nitro- 
gen status of the plants. Similarly, the total and insoluble-nitrogen 
contents of these plant portions were determined in order to establish 
their value in diagnosing nitrogen deficiencies. 

Part of this study was conducted with beets grown in nutrient 
cultures of known nitrogen content while others were grown in 5- 
gallon and 33-gallon pots of Metz silty clay loam to which different 


‘Conducted by the Division of Plant Nutrition, University of California, in 
cooperation with the Spreckels Sugar Company. Assistance was furnished by the 
personnel of the Works Project Administration, Official Project No. 65-1-08-91-B-10. 

*Junior Soil Chemist, Division of Plant Nutrition, Experiment Station, Univer- 
sity of California. 
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amounts of ammonium sulfate were added. The influence of nitro- 
gen on the sugar content of the beets was ascertained in all cases. 

Analytical Methods.—Sugar percentages (3) (1) and purities 
(2) were determined by the Spreckels Sugar Company at Wood- 
land, California. Nitrates were estimated by the spot-plate method 
with diphenylamine reagent after decolorizing the water extract 
with a carbon black that neither absorbed nor released nitrates. 
Soluble nitrogen (non-protein nitrogen) was ascertained by extract- 
ing the ground plant material with 2.5 percent trichloracetie acid 
(6) while the insoluble (protein nitrogen) remained in the residue. 
The total nitrogen in the original plant material, and in the ex- 
tract, was estimated by the Kjeldahl method after reducing the 
nitrates with iron (7). Since the sum of the soluble and insoluble 
fractions agreed with the total nitrogen value when each was ana- 
lyzed separately, the insoluble nitrogen was determined by differ- 
ence. 

Sugar Beets Grown in Nutrient Solutions 

Procedure.—Sugar-beet seed (U.S. No. 15) was planted in Oak- 
ley blow sand on Mareh 22, 1939. Thirty-five days later (April 26) 
when the beets were in the early four-leaf stage, 12 plants taken at 
random were transplanted to each 40-liter tank. Each plant was 
supported separately with cotton by a one-hole cork, the cork being 
eut concentrically to permit its gradual removal as the beet root 
expanded. The nutrient solutions which were replicated three times 
each (see table 1) were aerated with air by means of sintered glass 
aerators (4). Since the solutions tended to become alkaline with 
time, these were adjusted with IN H.SO, to a pH range of 6 to 7. 
On May 28 ammonium nitrate was added to all of the tanks in order 
to renew the nitrogen supply of the nutrient solutions which had 
beeome depleted in all instances except the 1.0N treatment. 

On each harvest date the four largest plants in each tank were 
removed. The leaves of each plant were separated into outside and 


Table 1.—Composition of Nutrient Solutions 
(ml. of stock solution per liter of solution) 


Stock solution 
M/1 Ca(NOa)e 
KNOs 
MgSO. 
KH.PO,« 
K2S0Ox 
N HiNOs* 
CaSo, . 2H20* 


Supplementary solution 


0.5% Fe tartratet 


* Added May 28, 1939. 


O.1N 


0.75 
2.0 
1.0 
5.0 
0.75 

475 
1.0 
1.0 


* Equivalent amount added in solid form. 


t Added 2 times per week. 


O.2N 


15 





68 AMERICAN Society Sucar-Beet TECHNOLOGISTS 


inside leaves. The inside leaves included all of the center leaves up 
to the ‘‘first mature’’ leaves, while the green ones remaining were 
classified as outside leaves. The leaves of each group were separated 
into blades and petioles and then dried rapidly in an oven at 80° 
to 90° C. 

The dried plant material was ground to pass the 40-mesh sieve 
of a Wiley mill, and then analyzed for nitrate, soluble, insoluble 
and total nitrogen. The beets (secondary roots were discarded) 
were dried with a towel, weighed, and on the following day were 
analyzed for sugar and purity. 

Results.—The plants on the first harvest date, June 1, 1939, 
were green, and in an active state of growth. The leaves for all of 
the plants were approximately of the same green color, even though 
there were marked differences in the growth of the tops and roots 
(table 2). These results indicate that a good green appearance of 
sugar-beet leaves is no sign of an abundant supply of nitrogen, and 
that a high level of nitrogen at the start is conducive to rapid growth 
under favorable conditions. 

The beets remaining after the June 1 harvest rapidly depleted 
the available supply of nitrogen, and on July 4 all of the plants 
except those in the 1.0N solutions were deficient in nitrogen. Those 
in the 1.0N solutions were still growing vigorously and continued 
to do so until the time of the second harvest on July 14. On this 
date the same leaf separations were made whenever possible, as on 
June 1. However, in the 0.1N and 0.2N treatments, so many of 
the outside leaves had turned yellow or had dried up that only one 
leaf separation was possible, namely, the remaining outside leaves 
were included with the center leaves. On the following day the 
solutions were changed to the 1.0N solution in all of the tanks, and the 
remaining beets were allowed to continue their development. Within 
a few days (July 17) all of the beets had sent. out new roots and by 
July 21 not only the root development was extensive, but the tops 
had become green and were showing signs of growth. One week 
later (July 28) the remaining beets were harvested in the same man- 
ner as previously. 

The relationship of nitrogen to the sugar content of the beets 
is demonstrated by the results obtained on the various harvest dates. 
The sugar percentages on June 1 decreased as the nitrate content of 
the nutrient solutions (table 2) and of the outside petioles (table 3) 
increased ; the range in sugar content being from 8.6 to 6.2 percent. 
The same relationship held true for July 14 (tables 2 and 3) when 
the beets in all cases except those in the 1.0N solutions were defi- 
nitely deficient in nitrogen. The sugar percentages increased 
throughout the treatments during the 6-week period, and at the 
same time the range of values was extended from 13.7 percent for 
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the 0.1N, to 9.9 percent for the 1.0N treatments. The purity co- 
efficients likewise decreased as the nitrogen content of the original 
solutions increased. 

When the nutrient solutions were changed to the 1.0N treat- 
ment on July 15, the new growth which started almost immediately 
decreased the sugar percentages and purities on July 28 to approxi- 
mately the same levels for all of the treatments. The largest de- 
creases took place in the beets which had been deficient in nitrogen. 
The renewed growth drew upon the sugar reserves to such an extent 
that the photosynthetic activity of the leaves could not maintain 
the sugar content of the beets above 7.7 percent sucrose. 


The nitrogen fractions of the various plant parts (tables 3 
and 4) reflected to different degrees the nitrogen status of the sugar 
beets at the time of their harvest. The nitrate content of the out- 
side petioles (table 3) for June 1 indicated the nitrogen status of 
the plants better than any other nitrogen fraction or any other plant 
part, except possibly the nitrate content of the inside petioles 
(table 4). The percentage increase in the nitrate percentages for 
the inside petioles (0.10 to 0.78, or a 780 percent increase) was 
greater than for the outside petioles (0.32 to 1.65, or 515 percent) 
but the differences between the treatments were significant for 
fewer treatments than for the outside petioles. The differences in 
the nitrate content of the outside blades (table 3) for June 1 were 
not significant, while the results for the inside blades (table 4) 
were erratic. 


Table 4—Summary of nitrate analyses of inside petioles of sugar beets 
grown in solution cultures 


Treatments* Dy ad Petioles- Blades 
Percentage NOs-N Percentage NOs-N 

Date 7/14 7/2 6/1 

0.1N oo ff —«—_ win 

0.2N Y _ - 0.02 a —— 

O.AN : 0.09 0 0.06 

1.0N \ 0.05 0.05 0.07 0.04 


Significant difference at =a 
5 percent level - 0.07 


* Average of 3 replications. 


The nitrate analyses of the outside petioles for the remaining 
harvest dates (July 14 and 28, table 3) were again in accord with 
the condition of the plants. On July 14 there was still an appreci- 
able quantity of nitrates in the outside petioles of the 1.0N treat- 
ment, which had plants still growing vigorously, while in the petioles 
of the plants of the remaining treatments, which were nitrogen 
deficient, nitrates were not present. The blades (table 3) for the 
same date likewise reflected the nitrogen status of the plants, but to 
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a lesser extent. On the final harvest date (July 28), the nitrate 
values for the outside petioles were not significantly different from 
one another which would be expected from the fact that all solution 
cultures had been changed 2 weeks earlier to the 1.0N level. The 
nitrate content of the blades varied significantly, but the variations 
were not related to the previous supply of nitrogen in the nutrient 
solutions. 

The values for the remaining nitrogen fractions (table 3) were 
in some instances correlated with the nitrogen status of the plants, 
but when this correlation occurred the differences for the soluble, 
insoluble, and total-nitrogen values resulting from the treatments 
were not nearly so great as for the nitrate determinations. The 
insoluble (protein) nitrogen of the outside petioles could not be 
correlated with the fertilizer treatments, even for the first harvest 
date, when the very large differences in the nitrate content occurred. 
The significant differences in the insoluble-nitrogen content of the 
outside petioles and blades on July 28 could not be correlated with 
the nutrient treatments. 

Sugar Beets Grown in Metz Silty Clay Loam—(5-gallon pots) 

Procedure.—Sugar beets were planted on May 15, 1939, in 5- 
gallon pots containing 45 pounds of air-dry soil (Metz silty clay loam) 
which in previous experiments had been found to give large in- 
creases in yield when supplied with nitrogen. The pots, which were 
galvanized-iror buckets painted on the inside with black asphaltum 
varnish, were provided for drainage with a 3-inch hole covered with 
an inverted china saucer. The drainage water was caught in a 
2.6-liter milk pan, and returned to the soil prior to the next water- 
ing. This prevented the loss of nutrients, particularly nitrates, 
from the soil. 

As soon as the cotyledons of the sugar-beet seedlings were fully 
developed, the plants for each pot were decreased to approximately 
12 in number. On June 3, when the plants were in the late two-leaf 
and early four-leaf stage, one series of pots (N) was given 10 grams 
of ammonium sulfate, a second series (2N) was given 20 grams of 
ammonium sulfate, while a third series was left untreated. 

On June 13, just 30 days from the time of planting, when the 
beets were in the six-leaf stage, five pots from each treatment were 
harvested. Sinee the beet leaves for the first harvest date were 
small, they were not separated as in subsequent harvests into out- 
side and inside leaves before making the blade and petiole separa- 
tions for the nitrate determinations. Likewise, the beet roots were 
too small for sugar analyses, and were discarded after they had 
been weighed. For comparative purposes, however, the beet and top 
weights were placed on a four-beet basis, since the number of plants 
in the remaining pots were reduced to four on the following day. 
Thereafter, five pots were harvested from the untreated and (N) 
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and (2N) treatments at approximately 30-day intervals. In the 
ease of the untreated pots, these were harvested for the third and 
last time on August 10. On August 10 another 10 grams of ammo- 
nium sulfate were added to part of the (N) series. These are desig- 
nated as the (N+N) series. 


Results.—The results for the 5-gallon-pot experiment summar- 
ized in table 5 again favor the analysis of the outside petioles for 
nitrates as a means of evaluating the nitrogen status of the sugar- 
beet plant. The other plant parts could be used if necessary, but for 
sensitivity and ease of sampling, the outside petioles are preferable 
to the inside petioles and blades, or to the outside blades. 

The relationship of the nitrate content of the outside petioles 
of sugar beets to their sugar percentage, beet yields and top growth 
is given in figures 1 to 3. Figure 1 shows that the nitrate content 
of the (2N) beets is higher than the (N) treated beets for the first 
harvest date on June 14. On the next harvest date, July 13, the 
(2N) beets have a much higher nitrate content than the (N) beets, 
and this is reflected in the lower sugar percentage of the (2N) beets. 
On August 10, when the nitrate percentages are very low for the 


Table 5.—Summary of results of sugar beets grown in Metz silty clay loam 
(5-gallon pots) 


_LEAF ANALY! 


Harvest Treat- “ts Tops ppm. Nitrate—N 


Fresh Blades _—Pettioles 

Dates zm. Sugar Purity wt.gm. Out. 

June 14 Untreated y —- —_— 18 7” 158 

(N) 8 —-- —- 22 476 

(2N) ’ — —— 18 971 
81.1 


Untreated 6 Oo 1% 188 63 
(N) 13.8 79.9 227 221 53 2387 791 
(2N) : 11.5 320 1327 818 8236 2404 


Untreated b 90.2 : 19 
(N) : 17.1 Tr Tr 
(2N) 588 Tr 


(N) 18.2 202 > ae 
(N+N) 15.2 : 1795 


(N) 16.3 
(2N) 794 17.1 
(N+N) 569 15.1 


(N) 589 16.8 88.9 
(2N) 966 17.1 88.9 
(N+N) 833 16.6 88.6 





Difference for significance tk 
at the 5-percent point 70 0.8 1.8 _ 32 





* All treatments were replicated five times except in the untreated pots of August 10, 
which had 3 replications. 
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(N) and (2N) beets, the sugar percentages are identical. The ad- 
dition of another unit of nitrogen to the (N) beets (N-+N) resulted 
in an inerease in the nitrate content of the petioles and a significant 
decrease in the sugar percentage. The nitrate content of the (N+N) 
beets continued to depress the sugar content until the last harvest 
date, October 5, when all of the sugar percentages were practically 
identical. 

The purities of the sugar beets (table 5) followed nearly the 
same pattern as the sugar percentages. A minor difference occurred 
on August 10, when the purity of the (2N) beets was still significantly 
less than the (N) beets, while there was no difference in their sugar 
percentages. Another difference occurred on September 7, when 
the sugar percentages of the (N) and (2N) treatments were sig- 
nificantly different from the (N-+N) treatment, while the purity 
coefficients were not. 


The relationship of the nitrate content of the petioles to the 
sugar-beet yields (figure 2) is of interest. On July 13, the much 
higher nitrate content of the (2N) beets did not result in a higher 
yield, but on the next harvest date, August 10, the effect of the 
higher nitrogen supply upon the yields was considerable as shown 
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Figure 1.—Relationship of nitrate content of outside petioles to sugar per- 
centages. N equals 10 grams of ammonium sulfate per pot; N + N designates the 
addition of a second unit of N on August 10. 
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Figure 2.—Relationship of nitrate content of outside 


yields. N equals 10 grams of ammonium sulfate per pot; 
addition of a second unit of N on August 10. 


petioles to sugar-beet 
N + N designates the 


by the average yield of 445 grams for the (2N) beets as compared 
to 304 grams for the (N) beets. Thereafter, the differences result- 
ing from the greater nitrogen supply became even greater; a yield 
of 966 grams was obtained on September 7 for the (2N) beets in 
comparison to 589 grams for the (N) beets. When another unit of 
nitrogen was added to part of the (N) beets on August 10, the 
effect of the nitrogen on the yields was not appreciable until Sep- 
tember 7. The beet yields for the (N+N) treatment were still 
increasing on the last harvest date (October 5) and apparently 
would have reached ultimately the yields for the (2N) beets. Unfor- 
tunately, the supply of beets at this point was exhausted and addi- 
tional yields could not be obtained. It is significant, however, that 
by waiting until the nitrate supply in the outside petioles became 
depleted before adding nitrogen, valuable growing time was lost 
which could not be made-up readily, if at all. 


The growth in tops (figure 3) tended to follow the nitrate 
content of the outside sugar-beet petioles. There was, as in the case 
of the beet roots, a lag in growth in comparison to the nitrate supply, 
but this lag was not as great as for the beet roots. The maximum 
fresh weight for the tops of the (N) beets occurred on July 13 and 
thereafter there was only a slight decrease up to the time of the 
last harvest on October 5. The beet roots (figure 2) on the other 








76 AMERICAN Society SuGar-Beet TECHNOLOGISTS 


hand continued to increase rapidly from July 13 to August 24, and 
then more gradually to the date of the last harvest. The fresh weight 
of the tops for the (2N) beets on August 10 reached a higher maxi- 
mum than the (N) beets on July 13. After August 10 the decrease 
in top weight was gradual but at a greater rate than for the (N) 
beets. In contrast to the top growth the (2N) beet roots (figure 2) 
grew very rapidly from July 13 to September 7, and thereafter 
increased more slowly. When another unit of nitrogen was applied 
to the (N) beets on August 10, the tops (figure 3) started to grow 
almost immediately, and these reached a new maximum on Septem- 
ber 7. The beet roots (figure 2) reached their maximum rate of 
growth between September 7 and October 5, and since it was impos- 
sible to obtain additional data, the growth rate thereafter could not 


be observed. 


Sugar Beets Grown in Metz Silty Clay Loam—(33-gallon pots) 


Procedure.—Metz silty clay loam in 33-gallon containers (gal- 
vanized-iron garbage cans painted on the inside with black asphal- 
tum varnish, and on the outside with aluminum paint) was planted 
to sugar beets on March 14, 1939. The beets were thinned to four 
plants per pot when they reached the four to six-leaf stage. On May 
16 these were fertilized with ammonium sulfate. The treatments 
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N equals 10 grams of ammonium sulfate per pot; N + N designates the addition 
of a second unit of N on August 10. 
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were replicated six times and were as follows: Untreated, 27.8 (N), 
55.6 (2N), and 111.2 (4N) grams of ammonium sulfate per pot. 
In the ease of the (4N) treatment, one-half of the material was 
applied on May 16 and the other half 4 weeks later. The first lot 
of beets was harvested on August 1, and as in the 5-gallon-pot 
experiment, the same leaf separations used for nitrate determina- 
tions were made. To one-half of the 12 (N) pots remaining on 
August 1, another unit of nitrogen (N) was added, and the others 
were left untreated. The beets in these pots were harvested on 
August 15, and the results for the two harvest dates are given in 
table 6. 

Results.—On June 17 the untreated beets showed a pronounced 
nitrogen deficiency, while the beets receiving different amounts of 
nitrogen were green, and had made approximately the same growth 
in all cases. At the time of their harvest, on August 1, the (N) 
beets were distinctly deficient in nitrogen, the (2N) beets were much 
larger and had greener leaves than the (N) beets, and the (4N) 
beets were greener and considerably larger than the (2N) beets. 
The results from the August 1 harvest, which are summarized in 
table 6, follow the general pattern observed in the series with the 
5-gallon pots. The larger the amount of ammonium sulfate applied 
to the soil, the greater the nitrate percentage in the outside petioles, 
and the lower the sugar percentage of the beets. The addition of 
another unit of (N) to the (N) treated beets retarded the accumu- 
lation of sugar significantly, but the effect was less after 2 weeks 
than in the corresponding treatment in the 5-gallon pots. The 
smaller decrease in sugar percentage in the 33-gallon pots may be 
inherent in the containers, or the result of a difference in weather 
(e.g. cooler weather would retard both the formation of and the 
absorption of nitrates). 

Discussion 

The general conclusions which may be drawn from the nutrient- 
solution experiments, and from the 5 and 33-gallon-pot experiments 
concerning the influence of nitrogen on sugar formation are the 
same regardless of the technique employed. In the solution experi- 
ments the nutrients supplied to the beets may be controlled care- 
fully, which is a distinct advantage over soil cultures, particularly 
when the gradual formation of nitrates from the organic matter in 
the soil could be enough under some conditions to depress the sugar 
percentage of the beets. In spite of this possible difficulty, and 
even though the main beet roots in the smaller pots were curved 
near the tips when. they reached the bottom of the container, the 
results from the 5-gallon pots proved to be comparable with those 
from the 33-gallon pots. The curved beets in the 5-gallon pots were 
not constricted at the point of curvature, but in fact the gradual 
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tapering of the beets continued to the tip even around the elbow of 
the curve. From the viewpoint of experimental costs, the smaller 
pots are certainly preferable over the more expensive 33-gallon pots. 

Although the results from the present experiments have shown 
that nitrogen depresses the sugar percentage of the beet, it is not 
to be inferred that all sugar beets high in nitrogen will be low in 
sugar, or that beets deficient in nitrogen will always be high in 
sugar. In some environments beets high in nitrogen may also be 
high in sugar, and likewise in another environment beets low in 
nitrogen could be low in sugar. The conditions which would favor 
the storage of sugar by beets, even when the nitrogen supply is high, 
would occur in localities where sunlight is intense, the days warm to 
hot, and the nights cool. Under these conditions photosynthesis 
would be at a maximum, and respiration would be at a minimum, 
thus resulting in the formation of sugar faster than it can be utilized 
to form new tissues (leaves and roots), even when large amounts of 
nitrogen are available for growth (other nutrients are assumed to 
be adequate). Beets low in nitrogen under these conditions would 
be very high in sugar. 

The conditions which would not favor the storage of sugar 
would oceur in localities with high day and night temperatures. 
Under these conditions, photosynthetic activity could be at a maxi- 
mum, and yet the high temperatures would increase respiration to 
such an extent that the sugar percentage would be maintained at 
a very low level, even though the nitrogen supply was also low. If 
the nitrogen supply is high, tissue formation may be so rapid as to 
result in beets with a sugar. percentage approaching zero. 

Under most circumstances beets which are high in nitrogen 
would be lower in sugar content than comparable beets which are 
low in nitrogen. Sugar beets which are both high in nitrogen and 
sugar content would grow rapidly, and would continue to do so as 
long as the nitrogen and carbohydrate supplies were maintained, or 
until some other factor became limiting. At harvest time the sugar 
content of the beets would be a function of growth, leaf area, light 
intensity, temperature, ete. The final equilibrium between these 
factors, with its many possible variations could account for the 
high and low-sugar areas in the United States, and for the high and 
low-sugar years which occur. 


Summary 
Sugar beets were grown at different levels of nitrogen in nutri- 
ent solutions and with Metz silty clay loam in 5- and 33-gallon pots. 
These were harvested at different stages of development to observe 
the relationship of yield, sugar percentage, and top growth of the 
beets to the nitrogen content of the blades and petioles taken from 
the center and outside leaves of the sugar-beet plant. 








AMERICAN Society SuGAar-BEET TECHNOLOGISTS 


Of the nitrogen fractions (nitrate, soiuble, insoluble, and total) 
which were determined only in the nutrient-solutions experiments, 
the nitrate content of the outside petioles reflected the nitrogen 
status of the sugar-beet plants better than for any other nitrogen 
fraction or leaf portion. In the other experiments in which nitrates 
alone were determined, the best indication of the nitrogen status of 
the plants was given by the nitrate content of the outside petioles. 

Whenever the nitrate content of the outside petioles was high, 
the sugar percentage of the beets was lower than in corresponding 
beets in which the nitrate content was low. A nitrogen deficiency 
produced beets with a high sugar-percentage, while an excess re- 
sulted in beets with a low sugar-percentage. 

When the nitrate content of the beets was high, and the growing 
conditions favorable, rapid top growth took place, and continued 
until the nitrogen supply was depleted. Thereafter the growth of 
the tops as measured by their fresh weight decreased gradually while 
the root weights increased rapidly at first, and then more slowly 
until the time of the last harvest. 

In order to obtain maximum sugar formation, a large supply 
of nitrogen must be available continuously early in the season. The 
available nitrogen must be utilized completely at the time of harvest, 
otherwise beets of a relatively low sugar-percentage will be obtained. 


By carefully controlling the nitrogen supply, beets both high in 
yield and in sugar percentage may be grown. 
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Mineral Assimilation of Sugar Beets’ 


W. E. CARLSON? 


The rate of mineral assimilation during plant growth can be 
approximately followed by knowledge of the quantity found in 
plants taken at intervals throughout the growing season, a procedure 
which was followed in this investigation. There are comparatively 
few instances, however, where such a study has been applied to 
sugar beets. Cerny (1) has studied sugar beets in a somewhat 
similar manner, and reported the results on a fresh basis but purely 
as percentage of composition. Other studies have reported compari- 
sons of yields of beet roots or of sugar content and purity of sugar 
to the fertilizer treatment. However, none of them points out the 
requirements of sugar beets for the main nutrients at different fer- 
tilization levels. 

Materials and Methods 


Three one-fourth-acre plots of corn-stubble ground, having sev- 
eral years of practically identical previous cropping history, were 
selected at the Huntley Field Station for this study. Previous crop 
yields indicated that the soil had a low level of fertility, with nitro- 
gen most deficient and phosphate probably a limiting factor for 
crop production after the nitrogen was supplied. For this field 


test one-half of each of these one-fourth-acre plots was manured, 
and the whole area cultivated and levelled. Both the manured and 
unmanured areas were then divided into 12 subplots in each of 
which were planted six rows of beets. The plantings were random- 
ized to give three replications of the four treatments as listed in 
table 1. An account of the weather data appears in table 2. The 
fields were spring-plowed about May 1, levelled and planted to 
beets on May 11. All fertilizers were side-dressed at approximately 
2 inches on either side of the seed. Thinning occurred on June 16 
and 17. 
Sampling and Methods of Analysis 

Samples were collected from the inside four rows of each 
six-row subplot on June 16, July 11, August 7, September 3, and 
October 16. On June 16, approximately 250 plants were selected 
as a sample, whereas on each subsequent date approximately 30 
beets were taken. In all cases such samples were immediately cleaned 
and topped in the usual manner. Fresh weights were taken separately 
on tops and roots. A thin slice from the center of each sugar-beet 
root, and a small angular wedge from each crown, including all 
leaves attached to it, constituted the samples taken for analysis. 


‘Contribution from the Chemistry Department, Montana Experiment Station, 
Journal Series No. 161. “ 
“Assistant Chemist, Montana State College, Bozeman. 
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Figure 1.—Shows the pounds per acre of N and P20; taken up by the beet crop 
during the growing season from soil treatments A, B, C. 
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Figure 2—Shows the pounds per acre of N and P20s taken up by the beet 
crop during the growing season from soil treatments A, D, E. 
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Such samples were immediately weighed, dried in a force-draft oven 
at 55°-65° C., and again weighed when dry. Samples were ground to 
pass a 1 mm. sieve. 

Nitrogen—Total nitrogen was determined by the Kjeldahl meth- 
od with metallic Hg (mercury) as catalyst. 

Phosphorus—Total phosphorus was determined by the method 
given by Wall (2) for plant material. 

Potassium—Total potassium was determined by the method of 
Wilcox (3). 

Sodium—Total sodium was determined by the method of Kolt- 
hoff and Barber (4) as modified by MeCormick and Carlson (5). 

Caleium, magnesium, total ash and acid insoluble ash were deter- 
mined by the official methods. 


Discussion of Results 

The choice of the various fertilizer treatments as presented in 
table 1 was based on the following calculations: The corn stubble was 
ealeulated to provide 50 pounds of nitrogen and 15 pounds of phos- 
phate to a beet crop of 10 tons per acre. Treatment D was calculated 
to make available to the beets on each“acre an additional 40 pounds 
of nitrogen and 18 pounds of phosphate, and to increase beet yield 
to about 17 tons per acre. The inorganic fertilizer, treatment B, 
with 80 pounds of nitrogen and 115 pounds of P.O;, was calculated 
to equal the manure applied. Treatments C and E were calculated 
to equal each other in all respects, and to provide 160 to 180 pounds 
of nitrogen, and 55 to 65 pounds of P.O;, to a yield in both cases 
of well over 20 tons. The calculated and also actual results as given 
in table 1 agree closely. Exceptions are phosphate, in the cases of 
treatments C and D, and nitrogen in the case of E. 

Figure 1, which plots the nitrogen and P.O; intake for treat- 
ments A, B, and C, shows a rapid absorption of nitrogen by the 
beets during the latter part of July and during August, whereas 
phosphate in general was more uniformly absorbed throughout the 
season. Figure 2 presents the intake by beets with treatments A, 
D, and E. When manure was used, the nutrients were taken up 
more slowly. In any case, however, the greater part of all nutri- 
ents was assimilated previous to September 1. Table 2 shows un- 
favorable growing conditions in September, and may be part of the 
reason for cessation of growth. 

It is possible to calculate the recovery of the nutrients added by 
manure and inorganic fertilizers from this data. For example, the 
maximum content of N and P.O; for treatment A (see table 1) oc- 
eurred on September 3, and was 50 pounds of N and 17 pounds of 
P.O; per acre. The maximum quantities from treatment B, on the 
other hand, were 91.5 pounds of N per acre on September 3, and 40 
pounds of P.O; on October 16. Since the amounts added were 80 





AMERICAN Society SuGar-BEet TECHNOLOGISTS 





wn 
° 


| 


= LEGEND 
NITROGEN -—— 
PHOSPHATE O=O=—o 

| TREATMENTS~A\B,C 





ey 
wo 





> 
o 








w 
wn 





w 
°o 














i) 
° 











wo 














NITROGEN AND PHOSPHATE (POUNDS) 
- i) 
° wo 





wn 











— anise tne et 
JUNE JULY AUGUST SEPTEMBER OCTOBER 


a 





Figure 3.—The pounds N and P2:Os found in the beet crop (tops and roots) per 
ton of crop when sampled at various times during the growing season for treatments 
A, B, C. 
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Figure 4.—The pounds N and P20; found in the beet crop (tops and roots) per 
ton of crop when sampled at various times during the growing season for treatments 
A, D, E. 
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pounds of N and 115 pounds of P,O;, the recoveries were about 50 
percent and 20 percent, respectively. The remainder of these re- 
coveries was calculated and appears in table 1. The average recovery 
of the added P.O,;, regardless of the source, was 17.6 percent and 
of nitrogen 57 percent, both being slightly lower than the calculated, 
which was 18 percent and 60 percent, respectively. 


It is also possible to caleulate the relation of the pounds of 
sugar beets produced to the amount of plant nutrients applied, by 
dividing the increase in fresh weight of the beets by the pounds of 
nutrients added as fertilizers. These data appear in table 3, and 
show that 1 pound of P.O, added in the manure, treatment D, pro- 
duced 170 pounds of beets, whereas 1 pound of P.O; added in the 
manure and phosphate fertilizer, treatment E, produced only 100 
pounds of beets. This, however, is considerably higher than the 58 
pounds of beets per pound of P.O; as given by the German worker 
Gericke (6). 


Figures 3 and 4 show the pounds of plant nutrients found in 
the sugar-beet crop, including the tops and roots for each ton of 
beets at various times during the season. These show that about 2 
pounds of P.O; and 6 pounds of nitrogen are needed to produce 
1 ton of beets on October 16. However, the pounds of P.O; vary less 
than the pounds of nitrogen. The high-fertility treatments, C and 


E, appear to take more of both nutrients to produce a ton of beets 
than did B and D. 


Summary and Conclusions 


1. The ecaleulations and actual results demonstrate that fer- 
tilizers can be added in nearly correct amounts when enough of 
the factors which control production can be evaluated. 

2. Manure alone, at the rate of 16 tons per acre, produced an 
increased yield per acre of 8 tons of sugar beets under the conditions 
of this experiment, and 400 pounds of ammonium sulfate, together 
with 250 pounds of treble superphosphate gave similar increase in 
yield. 

3. The efficiency of fertilizers to produce sugar beets was 
relatively lowered when the beet-tonnage per acre was high. 

4. In these tests 1 pound of P.O; as added in treatment D 
produced 170 pounds of beets. This was reduced to 100 pounds of 
beets per acre when fertilizer treatment E was used. 

5. One hundred pounds of treble superphosphate produced in- 
creased yields of 3.5 and 2.5 tons of beets over the untreated plots 
in the case treatments B and C, respectively. 

6. Phosphate and nitrogen recoveries by the crop averaged 
17.6 pereent and 57 percent, respectively. 
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Table 1.--Mineral assimilation by sugar beets 


Fertilizer Nutrient Maximum 

treatment Constituent recovery 

of added 

‘ ‘nutrients 
3 10/16 

Pounds per acre Pereentage 


per acre Dates of Sampling 


N P2OQs Manure 
Ib. Ib. tors 


reatment No, 


Yield tons 


N - 340 0.0 34.0 
POs 0 9.8 17.0 13.5 
KO Ai 3. 710 21. 91.0 
A 47.5 - 59.0 
6 a2 8M 28.5 


0 0 


NazO 

MgO 2. 
caO 2. 15.0 31.5 36.0 
Acid Ins. Ash 2.9 25.8 1, 124.0 
Total Ash d 43.0 405.0 85. 430.0 
Dry Matter 2.6 220.0 2020.0 4800.0 5750.0 


17.0 N od 28.5 665 91.5 70.0 
P20s d 4.3 16.0 25.0 40.0 

K20 a 25.0 100.0 112.5 167.0 

Ash 142.0 50.0 1020.0 710.0 

Acid Ins. 6.1 26.9 25.5 95.0 
Dry Matter od 7TS0.0 3570.0 107500 10150.0 


21.0 N od 52.0 ~ 139.0 168.0 
P'2Os d 4.9 27. 39.0 48.0 

KeO , 47.4 59. 191.0 279.0 

NazO : 35.0 35. 210.0 230.0 

MgO d 10.8 . 53.0 75.0 

Cad d 10.2 37. 59.0 70.0 

Total Ash 192.0 950. 910.0 1260.0 
Acid Ins. ; 12.2 96.0 147.0 

Dry Matter . 800.0 4800.0 8750.0 13600.0 


16* 17.5 N ‘ 20.0 75.0 85.0 91.0 
P2Os , 48 18.5 37.0 37.0 

KeO 28 46.5 78.5 134.0 250.0 

NasO ‘ 48.0 0 80.0 143.0 

MgO d 11.3 19.5 47.0 M45 

CaO i 10.0 28.0 w.0 90.5 

Total Ash ' 18.8 770.0 795.0 860.0 

Acid Ins. 5 20.8 158.0 
Dry Matter : 925.0 3790.0 8050.0 11100.0 


16* 23.0 N P 32.0 65.0 205.0 220.0 
Pes 06 4.8 21.0 HO 40 

Ke0 46 5 118.0 396.0 346.0 

NaeO 26 40.0 88.5 305.0 330.0 

MgO O85 10.7 18.5 92.0 104.0 

cad .100 - 2.5 775 76.9 

Total Ash 1.5 18.5 745.0 1790.0 1590.0 

Acid Ins. 2 4.9 24.5 155.0 266.0 

Dry Matter 5.6 865.0 3900.0 13800.0 13700.0 


* 16 tons of manure contain approximately 144 pounds of N and 100 pounds of P2Os. 
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Table 2.—Temperature data during the growing season of 1941 


Date Maximum Minimum Average 

May 11-17 78 46 62.0 

on 18-24 73 41 57.0 

es 25-31 73 46 50.5 

June 1-7 67 40 53.5 

- 8-15 73 46 59.5 

16-23 89 mM 71.5 

24-30 82 4 68.0 

1-7 87 bs) 71.0 

8-15 83 t 67.5 

4 77.0 

S4 71.5 

August 92 i 76.5 

* 88 ¥ 74.0 

a S4 68.5 

a 73 s 60.5 
September - 58.5 
“ 8- 67 54.0 

“a 59 


9 


October - a8 


Table 3.—Minerals in the tops and roots of sugar beets producing 1 ton of beets 


Fertilizers added Time of sampling Beet roots 
N  P2Os Manure 7/ll 8/7 9/3 10/17 per Ib. of 
Ib. Ib. tons Nutrient Ib. Ib. Ib. Ib. P20s added 

Per Acre constituent Per acre on Oct. 17 





Treatment 
Number 


N 23.2 14.0 6.0 
PeOs 3. 2.5 2.4 1.4 
KeO 33.8 ° 
Na 14.9 8 4.7 


N 11.5 : 4.2 
P2Os 2.8 24 2.4 
K20 8.- 9. La 10.4 


N 36. ay 8.8 8.1 
P2Os 5. ; 2.3 2.3 
K20 5B.f d 12.8 13.3 
Na 39.2 7.3 10.5 7.6 


N 33.0 ay 70 5.0 
P2Os 5.5 3. 3.1 1.9 
K:20 39.0 . 17.6 14.6 

Na 39.2 11.8 11.4 


N 38.5 11.5 9.5 
P20s 5.7 3.3 3.5 2.3 
K:0 66.5 . 24.9 20.6 16.4 

Na 36.2 11.2 11.8 11.4 


* 16 tons of manure contain approximately 144 pounds of N and 100 pounds of PeOs. 
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Plant-Food Elements in Sugar Beets 
Throughout the Growing Season 


H. D. Brown Anp H. Irvine! 


The object of nearly all agronomic study with sugar beets is to 
grow bigger beets of higher quality. Many factors that influence beet 
yields are uncontrollable, but there are sufficient over which we have 
some control to make progress possible and feasible. Among the con- 
trollable factors are those concerned with feeding the growing plant. 
Plant feeding is largely a matter of minerals in solution, and where 
these are available in sufficient quantities under normal sunshine and 
temperature conditions, the plants grow to enormous size, and yields 
per acre are far in excess of normal field yields.* 

Plant-food elements for sugar beets are in the soil as a part of 
the soil’s natural fertility or are added in some kind of fertilizer 
treatment. The controlling factors are ‘‘soil reserves’’ and ‘‘ecom- 
mercial fertilizers added.’’ 


Crop Analysis 

One common method in estimating the beet crops’ needs is to 
analyze the mature beet and calculate back the amounts of nitrogen, 
phosphorus, potash, calcium, ete., which the plant took out of the soil, 
and recommend that these amounts be applied in a commercial fer- 
tilizer. Too many advocates of fertilizer treatments, to meet the 
needs of the sugar-beet crop, neglect to take into account the soil’s 
available minerals. We have records of various analyses of sugar- 
beet roots and tops, and though the amounts vary considerably, as re- 
ported by different investigators, the general figures for the main 
plant-food elements approximate those published in the table and 
chart from the American Potash Institute in ‘‘Better Crops’’— 
March, 1940. 


Plant-Food Elements in 15 Tons of Sugar Beets 





Nitrogen Phosphoric Acid Potash ‘Total 





Roots ............ ‘BS Ib. 22 Ib. 53 Ib. 130 Ib. 
Tops ........ 60 Ib. 23 Ib. 92 Ib. 175 Ib. 





UE ecencemaiinscn? - ee 45 1b. 145 Ib. 805 Ib. 





The Canada and Dominion Sugar Company has conducted anal- 
yses of beet roots and tops at harvest time, and reported their find- 
ings at two regional conventions of the A. S. S. B. T. in Detroit, 
1938-1940. Stimulated by a publication of the Du Pont Company 
in September 1939, called ‘‘The Rate of Plant Food Absorption,”’’ 


1In charge and assistant, respectively, of Agricultural Research Dept., Canada and 
Dominion Sugar Co., Ltd., Chatham, Ont. 

“Facts About Sugar’’—Vol. 35, September 1940, reported a yield of 45.04 tons 
per acre with 17.04 percent sugar on 34.3 acres in California in 1939, 
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we undertook an introductory study of this subject for sugar beets. 
The publication in question dealt only with tomatoes, potatoes, corn 
and tobacco, drawing upon experimental data from various American 
journals, and experiment station reports. 


Object 

In this study our object was to gain further information on feed- 
ing sugar beets, from analyses of sugar beets at various stages of 
growth. It was an attempt to see what is in the average sugar-beet 
plant at ‘‘ various stages’’ in order to get some indication of the rate 
of plant-food absorption during the growing season. 

Plan 

The plan was to utilize sugar-beet plants growing under normal 
Ontario conditions and select random samples whose analyses would 
indicate the plant-food elements taken in by the plants up to that 
particular stage of growth. 

A commercial field in each of our factory areas was used and 
samples taken at about 3-week intervals. In the early stages of 
growth a definite length of row was taken and the data calculated 
on an aere basis. When the beets were of sufficient size, a definite 
number of beets were taken and correlated with average stand and 
yield per acre. The data were then calculated back to a 15-tons-per- 
acre crop. 


Roots and tops were weighed and analyzed separately at each 
of 7 stages of development. The items investigated were fresh and 
dry weights, nitrogen, phosphoric acid, potash and calcium. 

Photographs were taken of the beet plants at each of the 7 stages 
analyzed, and cover the normal growing period of 170 days in On- 
tario. 


Methods 

Fresh weights were taken of tared beets and tops as soon as 
lifted in the field and dry weights were obtained after chopping and 
drying in an electric oven at 65° C. 

Ashing and preparation of the solution for analysis for P,O;, 
K.O and CaO were made by method of C. F. Rivas, published in 
‘**Seientifie Agriculture,’’ Vol. 19, No. 4, 1938. 

Analyses for nitrogen, P,O;,, CaO and K.O were made by the 
A. O. A. C. methods, 1940 edition. 

Results 

The analytical results of these samples, made in duplicate, were 
averaged for two experimental fields, one a Clyde clay and the other 
a Thames clay loam. Since it was impossible to analyze the same 
beets throughout the growing season, there is considerable variation 
in the contents found. The stages of growth, however, were distinct 
and show the relative composition of the sugar beets at approximate- 
ly 3-week intervals. 

















ee ———————————— 

Sugar beets at 7 growth stages: Stage 1, June 6—26 days; 2, June 26—46 days; 
3, July 11—66 days; 4, August 12—93 days; 5, August 20-—110 days; 6, September 25— 
137 days; 7, October 25—167 days. 





The data are presented in 5 tables. 
weights of tops and roots at each of the 7 stages for which the 


dry 
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Data 


length of growing season and date are given. 


Table I gives the fresh and 


Tables II to V, inclusive, show the content of sugar beets at each 
stage, in terms of the pounds of nitrogen, phosphate, potash, and cal- 


cium in the roots and tops, with increments between stages. 


The tables are paralleled with histograms which show graphical- 
ly the amount of each plant-food element in root, top, and total plant 
at each of the stages investigated. 


Table I.—Fresh and Dry Weights of Beets at Various Stages of Growth 


Stage 


Stage 
0 


(In tons per acre based upon harvested weight of 15 tons per acre) 


Date 
May i@ 


June 
June 26 
duly 
Aug. 
Aug. ° 
Sept. 


Oct. : 


Days Roots 
0 | 
0.036 
0.063 


0.488 


137 


| 
2 


167 | 15,000 


111.262 


: Tope i 


0.483 


“0.763 
2.035 


3.082 — 


~ Fresh weight of beets 


Total 


O.519 


Roots ‘ 


0.004 


Tops 


i 0.031 


‘| Dry weight of beets — 


Total 


~ 0.086 





 O.825 
2.528 


$811 


6.002 «11.340 


0.087 


0.007 


P1aiy 


0.079 


0,265 


0.668 


“0.881. 


0.088 


0.352 








9.029 


"11.854 


20.291 


26.854 


2.185 





1.468 


3.083. 


Table I1.—-Nitrogen (N) in Sugar Beets at Various Stages of Growth 


(In pounds per acre for roots and tops with increments by stages) 


Date 
May 10 


June 6 
June 26 


~ July 





Lb. in 15-tons-per-acre crop 





Days Roots 


0 

; | os 

silos 
0.4 


+ 


3.1 


Tops 


Total 


Roots 





Increments by stages 


Total 





$2 


5.5 


| 





64 


6.8 


| 0.1 





179 


2.7 





Aug. 


35.1 


55.0 


16.8 








Aug. 


42.8 


71.9 


9.2 





Sept. 


Oct. 


58.8 


102.2 








75.9 


141.9 
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Table I11.—Phosphate (P2Os) in Sugar Beets at Various Stages of Growth 


Stage 
0 


1 


(In pounds per acre for roots and tops with increments by stages) 


Date 
May 10 
Jure 6 
June 26 
July 16 
Aug. 12 
Aug. 2 
Sept. : 


Oct. 


Days 
0 


26 





Lb. in 15-tons-per-aecre crop 


Roots 


. O41 


if 0. g 


1.3 
3 





Tops 


0.5 


ee 


Total 


06 


Roots 


Increments by stages 


Tops Total 











Table 1V.—-Potash (KeO) in Sugar Beets at Various Stages of Growth 
(In pounds per acre for roots and tops with increments by stages) 


I 


Stage 
0 


3 


4 


5 


‘ 


Date 
May 1 


June 
June 2 


July 


“Aug. 12 


“Aug. 2 


Lb. in 15-tons-per-acre crop 





Roots 


O05 


29 


Tops 


— 
10.6 


Total 


30.3 


—_—} 





110 


22.3 


--: 


50.3 


81.6 


Increments by stages 
Roots Tops Total 


329 406 


“06 223. 





Sept. 





187 


Oct. 25 


38.0 





105.8 


101.0 


139.0 


4.7 57.4 








266 41.2 


Table V.—Calcium (C,O) in Sugar Beets at Various Stages of Growth 
(In pounds per acre for roots and tops with increments by stages) 


Stage 
0 


1 


9 


Date 
May Ww 


June 6 


‘June 26 
July 16 


Aug. 12 


Days 
0 





| Roots 


ee 


26 


0.1 


Lb. in 15-tons-per-acre crop 


Tops 


Total 


. 


Increments by stages 
Roots Tops Total 





0.9 


1.0 





0.1 


2.3 


2.4 





0.7 


6.8 


7.5 








29 





25 
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Discussion of Results 

Fresh Weights.——When the sugar-beet weights are plotted 
against stages of growth, the line connecting these points shows a 
close approximation to the growth curve of Mitscherlik (1). The 
early stages of growth were characterized by a slowly increasing rate 
which became a maximum in July and August. Harvest in late Oc- 
tober apparently cut into the slackening off of growth rate, which 
normally follows a sigmoid curve. 


The sugar-beet roots weighed less than the tops at each of the 
stages until mid-August, but root growth was accelerated from then 
on so that the roots were 26 percent heavier than the tops at harvest 
time. The root weight of 15.00 tons per acre had a crown and top 
weight of 11.85 tons after 167 days of growth. 


Dry Weights.—In the first stages of growth, sugar beets have a 
very low dry-matter content. The analyses at different stages showed 
an increasing percentage of dry matter, which in roots rose from 
12 to 20 percent, and in tops from 6 to 16 percent during the 7 stages 
of analysis. The 15-tons-per-acre crop of beets at harvest time con- 
tained 3.033 tons of dry matter in the roots and 1.739 tons of dry 
matter in the tops, as seen in table I. The graph below shows the dry- 
matter stages approaching a normal growth curve in a more depressed 
form than those of the fresh material. 


FRESH AND DRY WEIGHTS OF BEETS AT VARIOUS STAGES OF GROWTH 


15.0_ — : Scales 
J i wae ee 
13.5 SUGAR-BEET ROOTS | | . _SUGAR-BEET TOPS_ 


(2G.......4 } 


10.5_ 4 5 | FRESH— nel 
WEIGHT | 


8.0 


75 


60 





45_ 
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Nitrogen.—Nitrogen was the second largest plant-food element 
in the sugar beets, with 141.9 pounds per acre at harvest time. The 
tops contained more than half of the total nitrogen at every stage, 
but the root-contained nitrogen increased proportionately, as root de- 
velopment was rapid during the later stages of growth. At stage 7, 
in October, the roots contained 66.0 pounds and the tops 75.9 pounds 
of nitrogen. 


The nitrogen content of .tops, in percentage of dry matter, was 
almost double that of the roots at all stages, but in both roots and 
tops, the nitrogen percentage of dry matter dropped at later stages, 
so that in stage 7, at harvest, it was only half of what it had been 
at stage 1, near thinning time. Thus, an initial nitrogen content of 
2.95 percent in the roots and 4.07 percent in the tops had decreased 
to 1.04 percent in the roots and 2.12 percent in the tops, at harvest. 


The nitrogen content of beets exceeded the potash content in 
July, but was relatively less at earlier and later stages. The data 
would indicate a need of sugar beets for available nitrogen in in- 
creasing amounts as the growing season progresses and a build-up of 
nitrogen in the plant especially during the rapid growing period. 


Phosphate.—Although the total amount of phosphate found in 
sugar beets at any stage of growth is relatively small compared to 
nitrogen or potash, it is utilized at all stages of growth, and totalled 
42.6 pounds in a 15-tons-per-acre crop. About 60 percent of the 
phosphate was in the roots in the October stage, but this larger propor- 
tion was only attained in the later stages when root growth was domi- 
nant over top growth. 


On a dry-matter basis, phosphate was slightly over 1 percent in 
the pre-thinning stage and decreased in proportion, in both root and 
top, until harvest time when it was under 0.5 percent of the total dry 
matter. Nevertheless, phosphate was taken up by the tops and roots 
in inereasing amounts all through the season except in the final stage 
when the tops were partially decimated by Cercospora. In the roots, 
the greatest increment of phosphate was in the final stage of growth. 
Phosphate should be available to the beet plant all through the grow- 
ing season, and be present in larger quantities toward the end of the 
growth period when it apparently plays a part in the maturity and 
keeping quality of the beets. 


Potash.—Among the plant-food elements found in sugar beets, 
potash ranks highest both in percentage of dry matter and in total 
weight of plant. In the 15-tons-per-acre crop at harvest, the potash 
totalled 180.2 pounds, of which 105.8 pounds were in the roots and 
74.4 pounds in the tops. 
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HISTOGRAMS SHOWING INCREMENTS OF NITROGEN, PHOSPHATE, POTASH, 
AND CALCIUM BETWEEN STAGES OF GROWTH OF SUGAR BEETS 


POTASH (K,0) 


) 
NITROGEN (N) 
7 i 4 . 
| ry CALCIUM (C,0) 
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-- —20 
PHOSPHATE (P, 0.) 
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Lb. NITROGEN (N) IN SUGAR-BEET ROOTS AND TOPS 
istt (IN POUNDS PER ACRE AT 7 STAGES OF GROWTH— ) 
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CALCIUM (C,0) IN SUGAR-BEET ROOTS AND TOPS 
(IN POUNDS PER ACRE AT 7 STAGES OF GROWTH ) 


TOTAL 
ROOTS AND TOPS. 
































1234567STAE 1234567 STAGE | 234567 STAGE 


In these analyses the potash, at all stages of growth, was very 
high in terms of dry matter, being over 8 percent in the seedling 


roots and nearly 6 percent in the seedling tops. Although the per- 
centages, in terms of dry matter, were lower in later stages, the tops 
still contained over 3 percent potash at stage 6. 

Potash increments were large at every stage of growth and 
greater than those of any other element for the same period. The 
drain on soil potash was particularly high for the tops after the mid- 
dle of July and continued up to harvest though the last period fell 
off a little, probably due to Cercospora effect on the leaf tissue. The 
largest call for potash in the roots was in September and October. 

The soils used for the sugar beets in this experiment are well 
supplied with potash reserves, as seen in the analyses presented be- 
low. However, the needs of the plant are so great that adequate sup- 
plies must be assured the beets throughout the growing season. Soil 
analyses should go hand in hand with fertilizer analyses and give 
particular attention to potash. 

Calcium.—Calcium is important to the sugar beet, not only in 
its role of giving a favorable soil reaction, but as an element of the 
plant itself. There were larger amounts of calcium present in the 
beets at all stages than phosphate and the 15-tons-per-acre crop at 
harvest contained 22.0 pounds of CaO in the roots and 49.5 pounds 
in the tops, a total of 71.5 pounds per. acre of beets. 

The beet seedlings contained almost 1 percent of calcium in the 
dry matter of the roots and 1.6 percent in the tops. In dry matter at 
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subsequent stages the root percentages were down below 0.5 percent 
but in the tops the percentages stayed well above 1 percent at all 
stages, thereby containing nearly 50 pounds in sugar-beet tops at 
harvest time. Caleium is needed by the beet at all stages of growth 
and is taken in steadily throughout the growing season. 

Magnesium.—Since sugar beets normally contain a considerable 
amount of magnesium, the contents of sugar beets at each stage in one 
series of samples were taken. Due to incompleteness of the data, 
they were not included in the tables, but paralleled the calcium con- 
tents to quite a degree. The magnesium content of tops was higher 
than the magnesium content of roots and was above 1 percent of 
the dry-matter weight of tops throughout most of the growing sea- 
son. 

Though not as high a percentage in the roots as in the tops, there 
was always a considerable amount of magnesium present and it was 
taken up by the plant all through the growing period. 


Soil Analysis 
The soil type and available plant-food elements are important 
in the study of sugar-beet contents and in any plan to increase pro- 
duction levels. Further investigation may prove that the soil con- 
tent of plant-food elements has much to do with the plant contents. 
The beets used for this investigation were taken from a series of 


plots on a Clyde clay and a series on Thames clay loam. Both soils 


Lb. POTASH (K,O) IN SUGAR-BEET ROOTS AND TOPS 
175 | (IN POUNDS PER ACRE AT 7 STAGES OF GROWTH) 
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PHOSPHATE (P.0,) IN SUGAR-BEET ROOTS AND TOPS 
( IN POUNDS PER ACRE IN 7 STAGES OF GROWTH ) 





TOTAL 
ROOTS AND TOPS | 
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are low in available phosphate, but have a relatively high potash con- 


tent. Some analyses of these soil types were given in the 1940 Pro- 
ceedings of the Society (2). 


RELATIVE, AMOUNTS OF PLANT- FOOD ELEMENTS IN my BEETS 
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Percentage Active 
pH total organic Phosphate (P20s) Potash (K20) 
Soil Type Reaction nitrogen matter Neubauer Thornton Neubauer Truog 








Clyde clay “74 S12 63% £‘STIb. 117 Ib. 421 Ib. 361 Ib. 
Thames clay loam 76 240 3.3% 46 Ib. 84 Ib. 529 Ib. 438 Ib. 





Rapid analyses tests, just prior to seeding these fields, verified 
the above relationship, so 200 pounds per acre of 2-12-10 were ap- 
plied with the seed to the Clyde clay and 200 pounds per acre of 
2-16-6 to the Thames clay loam. Phosphate applications have con- 
sistently been found to be important in these soils for increasing 
yields, though moisture and organic matter are undoubtedly limit- 
ing factors. 

Conclusions 

The limited scope of this investigation doubtless leaves many 
gaps in the picture of the plant-food intake of sugar beets. More fre- 
quent and wider sampling would give smoother graphs and closer 
correlation in growth stages. The analyses of the final stage fit in 
well with data published by the U. 8S. D. A. in 1941 on the ‘‘ Mineral 
Composition of Crops’’ (3). 

This experiment is of interest in the picture it gives of the sugar- 
beet plant at various stages of growth, and points to the need of ade- 


quate plant-food elements being available throughout the growing 
season. 


The question of a plant taking up elements in excess of growth 
requirements has not been discussed, but under field conditions, 
where yields seldom go above 15 tons per-acre, it is probably not a 
factor. 

There is a differential call for plant-food elements in the roots 
and tops which changes considerably as the growing season pro- 
gresses. 

The sugar-beet plant requires a plentiful supply of nitrogen and 
potash at all stages of growth, but the presence of phosphate, calcium, 
and magnesium in both roots and tops is evidence of their essential 
part in normal development. 

The data indicate a need for correlation of information on soil 
contents with carefully planned fertilizer treatments. 
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Willeox, O. W.—The Logistic Curve of Plant Growth, Principles 
of Agrobiology—page 48. 
Brown, H. D.—Applying Fertilizer to Sugar Beets in Ontario, 
Proceedings A. 8. S. B. T. 1940—page 73. 
Beeson, K. C.—The Mineral Composition of Crops, U. S. D. A. 
Miscellaneous Publication No. 369, March 1941. 





Phosphorus and Nitrogen Deficiency 
Symptoms in Sugar Beets 


The symptoms of phosphorus and nitrogen deficiency are well 
known, but a shortage of both elements at the same time is not recog- 
nized. When phosphorus is lacking in the soil we usually find nitro- 
gen is also low. In order to show the combined effect of phosphorus 
and nitrogen deficiency it will be best first to consider the elements 
alone. 


The nitrogen content of the soil is determined by making the 
diphenylamine test on the petioles of beet leaves. Any good beet man 
ean, of course, estimate the nitrogen supply in the soil by the color of 
the leaves. However, the test shows nitrogen deficiency before it is 
apparent in the color of the leaves. 


The diphenylamine test is simple and reliable. The only restric- 
tion to its use is immediately following heavy rains or irrigations as 
the downward movement of water takes nitrates out df reach of the 
beets for a short period of time. A typical bronzed coloration of the 
beet leaf is indicative of a combined deficiency of phosphorus and 
nitrogen. 


The final proof that the bronzed leaf is caused by phosphorus 
and nitrogen deficiency is shown by the analyses of bronzed versus 
normal leaves. 


Phosphorus and Nitrogen in Bronzed and Normal Beet Leaves 





Total 





Weight of Phos- z Phos- 
Weight dry leaves Nitrogen phorus Nitrogen phorus 
Sample of beets (grams) (%) % P20s (grams) (grams) 


Bronzed 2 Ib. 14 oz. 59.0 1.62 0.229 0.956 0.135 
Normal 3 Ib. 4 oz. 131.0 2.00 0.272 2.620 0.356 
Bronzed 1 Ib. 8 oz. 75.0 1.33 0.204 0.998 0.153 
Normal 1 Ib. 5 oz. 69.0 1.81 0.300 1,249 0.207 
Bronzed 3 Ib. 14 oz. 90.5 2.07 0.204 1.873 0.185 
3 
> 


om oh 


= 
i 


Normal 3 Ib. 6 oz. 122.0 2.21 0.303 2.696 0.370 
Bronzed 2 ib. 2 oz. 41.0 1.68 0.394 0.689 0.162 
Normal 2 Ib. 4 oz. 52.0 1.42 


Ps 


0.344 0.738 0.179 


Summary or Average of Bronzed Versus Normal 


Bronzed 2 Ib. 8% on. 66.4 1.68 0.258 1129 8§©§©= 0.150 
Normal 2 Ib. 9% oz. 93.7 1.86 0.305 1.826 0.276 








Normal “exceeds bronzed rma) 27.3 0.18 0.047 0.697 0.117 





1Anaconda Copper Mining Co., Bozeman, Mont. 
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The samples were taken by selecting a bronzed-leaf beet and a 
normal beet of about the same size growing nearby. These samples 
were taken in four fields in widely separated districts. The analyses 
show the weight of the bronzed leaves to be less than that of the nor- 
mal leaves, and also lower in percentage and in total amount of phos- 
phorus and nitrogen present. 


Phosphorus-deficiency symptoms only appear when the amount 
of that element is very low. They indicate the extreme cases of phos- 
phorus deficiency. The same is often true of the symptoms indicat- 
ing low nitrogen. When leaves turn yellow in August the loss in 
yield is considerable. The symptoms of combined deficiency are be- 
lieved to be a more sensitive indication than the symptoms showing 
iack of the elements alone. 


The bronzed leaf does not appear over an entire field. It oc- 
curs on individual beets in seattered locations. These beets have a 
genetic weakness, or they have the inability to thrive on a given level 
of plant food. The other beets in the field which appear to be nor- 
mal have lived under the same limited conditions, but have been able 
to do so without showing evidence of their need. 


The small acreage representing extreme deficiencies of phos- 
phorus and of nitrogen alone or in combination affect the individual 


grower seriously, but are not nearly so important as the large acre- 
age where a moderate deficiency exists. Moderate deficiencies occur 
over a wide area, and even though the yield on these lands is only 
reduced from 2 to 4 tons per acre, the total loss is great. It may not 
be evident to the grower because the pronounced symptoms do not 
occur, but the loss nevertheless exists. Changes in yield of from 2 
to 4 tons per acre are not easily seen in the field. A difference of 
0.2 pound in the weight of two beets can hardly be detected by visual 
observation, but the small difference represents an increase in yield 
of the larger beet over the smaller one of 5,200 pounds per acre. Mod- 
erate deficiencies cause small difference in the yield of individual 
plants which accumulate to decrease the yield per acre. As there are 
so many deficient acres, the entire production of agricultural crops 
is greatly reduced. 





Soil Deficiencies as Related to Sugar-Beet 
Seed Production in the Willamette 
Valley, Oregon 


GoLDEN L. SToKeErR! 


Soils Suitable for Beet-Seed Growing 


Beet-seed growing in the Willamette Valley, Oregon, has been 
confined to three soil series, namely, the Newberg, Chehalis, and 
Willamette. The first two series are relatively new soils, geologically 
speaking. They are called river-bottom soils as they have been de- 
posited along the present river channels. These two soils are very 
productive and have a porous subsoil. The Willamette series is one 
of the old Valley-filling soils, and in general the subsoil is porous 
enough to permit water to percolate. 

This soil characteristic is very essential for over-wintering beets 
in the Willamette Valley as the average yearly precipitation is ap- 
proximately 40 inches, mostly in the form of rainfall. In general, 
the texture and structure of the other soil series are not suitable for 
beet-seed production. 

Due to climatie conditions and the parent material from which 
the soils were formed, the soils of the Valley are deficient in some 
plant foods. 

The writer was very much impressed by the first spring in the 
Willamette Valley. One thing that was very noticeable and striking 
was the general yellow color of crops. For a period many of the 
grainfields, cornfields, and other crops were yellow, and lacked vigor. 
Later as the amount of precipitation decreased and the temperature 
increased, the crops became more vigorous and the yellow color dis- 
appeared. 

Nitrogen Deficiency 

Although grass and other plants grow abundantly during the 
winter months, the cultivated soils of the Willamette Valley are gen- 
erally low in humus. Climatic conditions are not conducive to rapid 
nitrate formation, consequently the nitrogen supply is limited for 
crops such as sugar-beet seed. The slow nitrification is due largely 
to the wet, cold winters and springs, followed by dry summers during 
which moisture is a limiting factor. 

Some of the first observations of nitrogen deficiency on sugar 
beets for seed in the Willamette Valley were made in the fall of 
1938. One commercial field (Chambers field) of 3.5 acres was 
planted September 3, 1938. Approximately 1.5 acres of the beets 
were preceded by corn which was abandoned because of a poor stand. 


1Agronomist, West Coast Beet Seed Company. 
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Vetch for seed preceded the beets on the remainder of the field. The 
vetch was combined and the straw plowed under. The land was im- 
mediately prepared and planted to beets. The beets were side-dressed 
with 150 pounds of ammo-phos 16-20, September 24 and 26. The rain- 
fall was insufficient for a period following fertilization to make the 
fertilizer available. The beets on the cornland grew normally but a 
very peculiar condition developed in the part of the field that had 
been in vetch. The beets came up normally but grew very slowly. 
By October 12 the plants were small and distinctly yellow. One and 
two leaves of many plants dropped off, and other plants died. Rains 
which followed made the fertilizer available and the beets turned 
green and made a noticeable growth the last part of November and 
early December. 

Several theories were advanced as to the cause, and nitrogen de- 
ficiency which was substantiated by conditions in other fields, proved 
to be the principal factor involved. 

That nitrogen was the cause was borne out in two other fields 
planted the same season in which ammo-phos was applied with the 
seed. In one field, fertilizer was not drilled in one of the four rows 
for a few rounds. The fertilized beets grew faster and were consid- 
erably larger by late fall. Approximately the week of October 23 to 
29 all of the beets turned yellow. Nitrogen-carrying fertilizers were 
applied November 4, and by November 28 the beets had responded as 
evidenced by the green color and less frost injury. 

In the other field, it was apparent which direction the drill 
traveled by checking the end of the rows. Every alternate four rows 
were green out to the end of the row, whereas the adjoining four were 
yellow and very small for a distance of approximately 4 feet, the 
distance it took for the fertilizer to start sowing. 

Beets following a crop of Austrian field peas were planted (Au- 
gust 21) the following season on the Chambers farm adjoining the 
vetch field described above. Knowing that a nitrogen deficiency ex- 
isted, and having had good results by drilling fertilizer with the 
seed, the grower was advised to apply ammo-phos 16-20 with the seed. 
Fortunately, a rain which followed planting prevented any delayed 
germination due to 75 pounds per acre of the fertilizer, and a good 
stand was secured. (Later observations in other fields demonstrated 
that germination of the seed was delayed when a nitrogenous fertil- 
izer was applied with the seed during the dry season.) A few rows in 
various parts of the field were not fertilized. The fertilized beets 
were green and apparently grew normally while the unfertilized 
beets grew slowly and were a yellowish-white color. The yellow color 
disappeared later in the fall after the beets responded to a side-dress- 
ing of ammonium phosphate, but the difference in size was still ap- 
parent the following spring. 
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Beets planted the following year (1940) on this farm were fer- 
tilized by means of the beet drill immediately preceding planting. 
The seed was sown as near as possible within a couple of inches of 
the fertilizer. Several places over the field where the seed and fertil- 
izer were widely spaced, the beets on the four rows were smaller and 
yellow. Beets on the row only a foot from the small yellow beets, due 
to narrow guess rows, were green and grew normally. 


Spring Applications of Nitrogen 

Although fall applications of nitrogenous fertilizers have given 
very striking responses, spring applications have given far greater 
results. Beets with a continuous stand will not resume proper growth 
in the spring until commercial nitrogen is applied. 

A general application of 200 pounds of ammonium sulfate was 
recommended for beet-seed fields in the spring of 1939. However. 
one field planted September 8, which had no fall nitrogen, received 
two spring applications. The first application consisted of 150-pound 
mixture of ammo-phos 16-20 and ammonium sulfate, and the second, 
150 pounds of ammonium sulfate. These beets were small and yel- 
low when the first fertilizer was applied March 30, but by the last of 
May they had a healthy green color, and were more vigorous than 
the other later plantings that received 200 pounds. 

One hundred thirty pounds of ammonium phosphate 16-20 and 
320 pounds ammonium sulfate per acre were used in two applica- 
tions April 5 and May 1 on a small field with a poor stand. These 
beets were green and vigorous, but they did not produce a large vege- 
tative growth, largely due to the late fertilization. However, one of 
the most desirable results was that the vegetation remained green un- 
til harvest and the seedballs were large, green, and heavy compared 
to smaller straw-colored seedballs of other fields. 

During this same spring the rates of nitrogen were varied in two 
fields. One field was an early August planting on Chehalis soil. Am- 
monium sulfate was applied in strips at the rates of 150, 300, and 
450 pounds per acre. One strip of ammo-phos 16-20 was also applied 
at the rate of 150 pounds per acre. Yields were not obtained but the 
various strips were easily determined through the growing season by 
the color and growth of the foliage. The larger quantities of nitro- 
gen produced greener foliage and more growth than the smaller 
amounts. : 

The other field which was an early September planting on New- 
berg soil, gave the greatest response to an increased nitrogen supply. 
The spring ammonium-sulfate application was doubled to 400 
pounds per acre on two strips. Again yield data are not available. 
However, the results were so apparent.that any one who saw the field 
was convinced as to the value of the additional nitrogen. The addi- 
tional nitrogen increased the vegetative growth, improved the color, 
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increased the fruiting capacity of the plant, and ripened the seed 
more uniformly. The field was threshed across the nitrogen strips, 
and according to the grower, the heavy nitrogen strips produced at 
least one-third more seed. Strips in these fields and other fields that 
received a spring application of only 200 pounds of ammonium sul- 
fate had turned a light green-to-yellow color by blooming time and 
continued to turn lighter in color until harvest. 

In order to determine if this yellow condition could be corrected 
by a late application of nitrogen, four rows through a field were side- 
dressed with ammonium sulfate at an average rate of 245 pounds 
per acre. The nitrogen was applied May 24 while the plants were 
blooming. An irrigation followed and by June 12, the foliage of the 
four rows was greener, and the plants had made more growth than 
the plants on either side. A difference in weight of the seed-bearing 
area of the plants could be detected by June 30. As the seed became 
matured, the increased weight of the seed on the four rows had pulled 
the tops of the plants down, whereas the plants on either side re- 
mained erect. The seedballs of the four rows were large and remained 
green in color until maturity. 

Nitrogen was applied the following season as late as June 14 
(1940) with similar results. 

As a result of the above observations and demonstrations, heavier 
spring applications of nitrogen were recommended for 1941. Some 
growers doubled the 1940 spring application of nitrogen, making a 
total of approximately 400 pounds of ammonium sulfate per acre. 
With the exception of one field deficient in boron, the larger spring 
applications resulted in the heaviest yields of the Valley, regardless 
of planting date. The average yields produced by these growers 
ranged from 2,750 to 3,000 pounds per acre which were higher than 
any yields produced by growers who applied 300 pounds or less of 
ammonium sulfate. One hundred twenty pounds of ammonium sul- 
fate applied to one field through the water during the first irriga- 
tion gave very good results. However, the total spring application 
was only 300 pounds per acre of ammonium sulfate. 

Such striking nitrogen responses are obtained through the re- 
productive season that differences in the quantity of nitrogen are 
very apparent. Mistakes and conditions incidental to applying fer- 
tilizer usually provide opportunities for the growers to observe the 
nitrogen response. For example, in one field the operator uninten- 
tionally fertilized one row twice. Noticing his mistake he left a row 
unfertilized so that the cultivating corresponded with the drilling. 
The beets in the row with the double amount of nitrogen grew more 
vigorously than those in the rows on either side. The beets of the 
unfertilized row were yellow and the growth was very uneven. Be- 
cause of the single rows the differences became less as the season ad- 
vaneed, 
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During the past season (1941) a general application of 400 
pounds of ammonium sulfate per acre was recommended. Five and 
six hundred pounds were recommended and applied to individual 
fields. Some fields received all of the nitrogen in the early spring, 
and others received approximately 60 to 80 percent in the early 
spring and the remainder with the first irrigation. 

The overhead sprinkling type of irrigation used in the Willam- 
ette Valley provides a very easy and effective method of applying ni- 
trogen when the beets are approaching the bloom stage. The fertilizer 
is dissolved in a barrel of water and the suction of the intake pipe 
draws the solution through a tube into the irrigation system. 

As reported, nitrogen has been applied in the late spring or 
early summer on an experimental basis, but this past season is the 
first time it has been recommended and applied commercially. Al- 
though experimental data are not available to show the results of 
such a practice, the visible change in color of the plants following ap- 
plication, and the yields of seed secured are rather conclusive as to 
results. A few fields turned especially light in color (yellow) as 
they approached the bloom stage. This was particularly true of the 
very thick stands. Knowing that these fields would continue to de- 
teriorate and show more evidence of nitrogen starvation, additional 
nitrogen was applied through the irrigation water. Within a week 
to 10 days the beets had begun to turn green. 

This method of applying nitrogen to beets grown for seed in the 
Willamette Valley looks very promising as a means of supplying the 
plant with sufficient nitrogen during the fruiting period. Increased 
amounts of early spring nitrogen have helped to supply the plant 
throughout the growing season. However, the growth of the inflo- 
rescence has not been in proportion to the increased stem and leaf 
growth. This relationship seems to be influenced by the season and 
time of application. 

Sulfur Deficiency 

A light-green to a yellowish-green color of the sugar-beet seed 
foliage is common and has been general throughout the Willamette 
Valley. Early observations revealed that nitrogen played an impor- 
tant part in the color and growth of the plants. Larger and later 
applications of ammonium sulfate improved the color and growth. 
However, other elements were thought to be lacking. 

The marked response in growth and color of legumes that re- 
ceived a spring application of gypsum, the practice of which is gen- 
eral in the Willamette Valley, stimulated the thought that beets may 
‘possibly respond to sulfur. In the fall of 1939, an experimental 
plot was planted in cooperation with Bion Tolman, Assistant Agrono- 
mist, Division of Sugar Plant Investigation, Bureau of Plant Indus- 
try, United States Department of Agriculture. Sulfur was applied 
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alone and in combination with other fertilizers on the Newberg soil 
series near Jefferson, Oregon. Agricultural sulfur was applied prior 
to planting at the rate of 94 pounds per acre. 

The first response to sulfur was visible during the last of Sep- 
tember when the beets in general were beginning to show need for 
moisture. On September 26, beets in the sulfur plots were greener 
than where sulfur had not been applied. The sulfur-deficiency 
plots were distinctly a yellow color and the beets were noticeably 
smaller. Plants within the plots varied. Some were almost a nor- 
mal green while others were a distinct yellow. This color distinc- 
tion was of short duration. Rains followed and the beets turned a 
green color. 

The color difference was again apparent in the spring after the 
plants began to respond to the spring application of nitrogen. Thir- 
teen days after the April 6 application of nitrogen, a slight differ- 
ence in the color of different plots was noticeable and by April 22, 
the color differences were well defined. The beets of the sulfur- 
deficiency plots that turned yellow in the fall were again yellow, and 
in addition to these, the beets in the treble-superphosphate plots were 
yellow, indicating that the sulfur supplied by the treble superphos- 
phate had been exhausted. The beets in the sulfur plots grew vigor- 
ously, bolted uniformly, and the leaves were a waxy green color, 
while the beets in the no-sulfur plots were yellow, and individual 
leaves of a few plants even turned white. This difference of color 
was very apparent until May 9, after which the color difference be- 
eame less noticeable. By May 13 the sulfur-deficiency plots were 
more difficult to distinguish as individual seedstalks grew above the 
average plants of the plots and were a greener color, which practi- 
eally obliterated the yellow color of the other plants as viewed from 
a distance. 

The sulfur-deficient plants lacked vigor, the foliage was yellow, 
the leaves small, and fewer plants entered into seed production. The 
yellowing was accompanied by a breakdown of the leaf tissue and 
leafspot was very prevalent. As the season advanced many leaves 
died. Many plants developed floral bracts and remained vegetative. 
These vegetative plants maintained a yellowish-green color until har- 
vest. 

A very important relationship of sulfur to nitrogen was appar- 
ent. No response was obtained from sulfur when the spring nitrogen 
was omitted. In the absence of nitrogen, the sulfur plots could not 
be distinguished from the no-sulfur plots. This observation was con- 
firmed by the yields as shown in table 1. 

The need for sulfur in the production of sugar-beet seed in the 
Willamette Valley is evident by the increased yields obtained when 
sulfur is added (table 1). 
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Table 1—Pounds of clean seed per acre from replicated plot test in which three 
nitrogen treatments were used with and without addition of sulfur to the 
soil, Lamb experimental plot, Jefferson, Oregon 1939-40. 


Treat- Plant- 
ment ing No 94 Ib. 
No. date Nitrogen application sulfur sulfur, fall 


1 Sept. 7 318 Ib. NaNOs in fall, plus 

330 Ib. NaNOs in spring 1,310 1,672 
2 Aug. 28 333 Ib. NaNOs in fall, plus 

330 Ib. NaNOs in spring 1,323 2,061 
3 Aug. 28 100 Ib. NaNOs fall; no N in spring 1,073 1,001 


Average yield of sulfur plots 1,235 1,578 


Diff. for signif. of six subplot comparisons, odds 19 :1=137 pounds. 
Diff. for signif. of two sulfur treatment means, odds 19:1—238 pounds. 


Boron Deficiency 

Boron-deficiency symptoms of sugar beets have been described 
and reported in many localities. However, the symptoms are some- 
what modified by winter temperatures that beets are subjected to by 
the overwintering method of producing seed. 

Injury of the seedstalk, which later proved to be boron defi- 
ciency, was first observed in the Willamette Valley in the summer of 
1938.2 However, the first boron deficiency was observed on the root, 
crown, and leaves of beets the winter of 1939-40. 

One of the first responses to boron treatment, and one which was 
reported in the July 1941 issue of the Journal of American Society 
of Agronomy, was observed November 14, 1939. The leaves of the 
beets that received 30 pounds of borax per acre prior to planting 
were a normal green while the ones that received no boron were 
badly frosted. Beets which had received lime but no boron showed 
the most severe frost damage. The lowest temperature recorded at 
the Corvallis Weather Bureau Station that preceded this observation 
was 31° F., November 10. 

As the winter progressed, and following periods of colder 
weather, other boron-deficiency symptoms appeared. Boron-defi- 
ciency symptoms were more striking and most prevalent on larger 
beets planted on the Willamette soil series. 

Single beets in the row with a space on either side were more 
susceptible to frost injury, and the more common boron-deficiency 
symptoms. The abundance and degree of frost-injured leaves served 
as a guide to fields or areas in fields where plants with more ad- 
vaneed symptoms could readily be found. Beets in the experimental 
plot near Harrisburg that received an application of boron prior to 
planting remained green and continued to grow during the relatively 


*Seedstock injury was observed at Corvallis. in 1938 by George T. Scott, Manager 
of West Coast Beet. Seed Company, F. W. Owen, and Charles Price, Geneticist and 
Associate Agronomist, respectively, Division of Sugar Plant Investigations, Bureau 
of Plant Industry, U. S. Department of Agriculture. 





110 AMERICAN Society SuGAr-BEET TECHNOLOGISTS 


mild winter. This statement can be substantiated by weight deter- 
minations taken by Myron Stout* February 2, 1940, and reported in 
his annual report. His analysis revealed a marked difference in size 
of beets that were shipped to him from the experimental plot near 
Harrisburg. He reports the average weight of beets from the no- 
boron plots as 75 grams and the boron fertilized 235 grams. The 
leaves of the beets in the experimental plot that had not received 
an application of borax were badly frosted, and the only green 
growth that remained by spring was the young center leaves of some 
of the plants. 

Although all deficiency symptoms appeared in the field at the 
same time, one could find plants showing various stages of boron de- 
ficiency. The first noticeable symptoms were a thickening, dwarf- 
ing, and crinkling of leaves which were very brittle and would break 
when folded back between the fingers. The petioles were shortened 
and often contained a rust-colored cross checking on the concave side. 
Where the stand was thinner, it was common to find the leaves had 
flattened out, giving the plant a rosette appearance. Then the tips 
of the youngest center leaves turned black. Finally the entire grow- 
ing point died, and the outer older leaves became badly frosted. After 
the center leaves became black in color they decomposed and left the 
crown exposed. As the winter season advanced many of the petioles 
of the older leaves turned black at the base and decomposed. Many 


plants were devoid of leaves and the crown was all that could be 
seen at the ground surface. 

During the late winter or early spring when the plants resumed 
growth, new buds appeared on the crowns of the plants where the 
leaves had decomposed and disappeared. 


Symptoms on Roots 

During the winter period when the boron-deficiency symptoms 
were apparent on the leaves, many of the roots were showing a break- 
down of the outer root tissue. The initial stage of the break-down 
was a discoloration and break-down of the tissue immediately under 
the epidermis. Then the epidermis would break or decompose, leav- 
ing a reddish-brown decomposed material or canker area. This de- 
composition was confined to the outer tissue. 

The size and number of such areas varied on different roots 
from one small area to several, and in some cases the root was com- 
pletely girdled. The canker usually started near the crown of the beet. 
The canker was commonly associated with plants that were most se- 
verely damaged by frost and had lost the center leaves. However, a 
few plants with apparently normal leaves had canker and many with 
severely injured terminal buds did not have canker. 


*Assistant Physiologist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, U. 8S. Department of Agriculture. 
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Deficiency Symptoms on Seedstalks 

Borax was applied January 22 and 23, at rates of 22 and 24 
pounds per acre on two fields of the Willamette soil series that were 
most severely injured. Areas without any boron were left in the field 
as checks. 

As spring approached new growth appeared. Beets in which 
the center leaves had blackened and decomposed, and even many that 
were completely devoid of leaves produced new multiple buds. The 
canker on the roots dried and calloused over. The value of the Janu- 
ary application of borax was not noticeable until the first week of 
June, at which time a very striking condition appeared in the area 
that did not receive the January application. The upper part of 
the seedstalks turned black in color which stopped the terminal 
growth. Later many plants made some recovery as evidenced by 
the secondary growth from the lateral buds below the injured area, 
forming a witches’ broom type of plant. The tips of this secondary 
growth later turned a brown-to-black color. In one field, all of the 
beets on the area where borax was not applied in January exhibited 
some symptoms of boron deficiency. 


Greenhouse Trials 

To obtain some advance information as to the response that could 
be expected from applying borax in varying amounts to injured 
plants, and also to determine if the blackened condition of the seed- 
stalk that had been observed the previous season was due to boron 
deficiency, some greenhouse trials were conducted. Normal plants 
and various stages of diseased plants were potted in soil taken from 
the field and placed in the greenhouse January 30, 1940. All plants 
started to grow, but diseased plants produced multiple-crown growth. 

Two vigorous growing plants of comparable size were taken 
from a plot that received boron in the fall. One was potted in soil 
taken from the plot where the beets were obtained, and the other 
from a no-boron plot. A solution of nitrogen, potassium, and phos- 
phorus was applied to both plants February 23 to keep them in a 
thrifty growing condition. The plant potted in soil to which boron 
had been added grew normally. By February 29 the newer leaves of 
the plant potted in soil to which no boron had been applied were 
short in comparison to width. By March 25 the plant had made a 
good growth, although the leaves were somewhat abnormal. A large 
seedstalk developed which was slower in growth than the plant sup- 
plied with boron. By May 14 the tip of the seedstalk very suddenly 
turned black. The leaves at the growing point were as green at the 
above date as they were before the stalk turned black. 

It was noted during the greenhouse trials that the plants potted 
in soil to which no boron had been added were subject to rapid wilt- 
ing. Field observations indicated that drought accentuated the de- 
velopment of boron-deficiency symptoms. 





A Study with Sugar Beets on Two Fertility 


Levels of Soil 
Rocky Ford, Colorado — Years 1938-40, Inclusive 


A. W. SKUDERNA AND CC. W. DoxTator 


Results of study conducted in 1938 with two varieties of sugar 
beets, both moderately resistant to leafspot, one a sugar and the other 
a tonnage type, have been reported elsewhere (1)*. The combined re- 
sults of the 1938 and 1939 studies were presented before this Society 
in 1940 (2). The present paper concludes this study, and deals with 
results obtained during the 3 years 1938-40 inclusive, on varietal re- 
sponse to varying levels in soil fertility combined with varying spac- 
ing effects between beets in the row. 

Results of Previous Studies 

In the 1938 study, the results indicated that the sugar variety 
was a weak feeder, in that it did’ not efficiently utilize additional 
amounts of commercial-fertilizer application beyond 40 pounds plant 
food per acre. On the other hand, the tonnage variety proved to be 
a strong feeder, responding in increased yields of tons beets per acre, 
percentage sucrose, and pounds sugar per acre, to increases in fer- 
tilizer application. 

In 1939, the study was repeated, using the same varieties and 
the same amounts of the various fertilizer combinations used in 1938. 
In the 1939 test, and contrary to the results of the previous year’s 
test, the sugar variety efficiently utilized fertilizer amounts greater 
than the 40-pound plant-food application. To secure additional in- 
formation on this point, the study was repeated in 1940. 

Materials and Methods 

The soil type on which the 1940 study was conducted is classi- 
fied as Rocky Ford fine sandy loam with a pH of 7.4. In cropping 
sequence, the same practice was followed as for the 1938 and 1939 
studies previously reported. Cattle manure at the rate of 8 tons per 
acre was applied prior to plowing in the fall. The seedbed was pre- 
pared in late March and planting made during the second week in 
April at the rate of 20 pounds of seed per acre. The two domestic 
varieties of sugar beets used were of the same uniformity as to type 
as those used in the 1938 and 1939 tests. 

The commercial fertilizers used were the same as those used in 
previous tests, namely: 4-16-4, 4-16-0, and 0-16-4 mixtures, in com- 
parison with unfertilized check plots. The same amount of plant 
food per acre was applied from each mixture assuring thereby a com- 
parison of equal amounts of plant food regardless of the difference 


‘Manager and Plant Breeder respectively, Beet-Seed Operations, American Crystal 
Sugar Company. 
*Figures in parentheses refer to Literature Cited. 
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in formula used. The rates of application were 200 and 400 pounds 
per acre, of the equivalent of a 20 percent mixture; thus 40 and 80 
pounds, respectively, per acre of total plant food were applied. All 
the fertilizer was applied with the seed at time of planting. 

The plot arrangement was fully randomized and of such layout 
as to permit unbiased evaluation of interactions between varieties, 
treatments, and rates of fertilizer application. Each treatment was 
replicated sevenfold, the plots being 4 rows wide and 100 feet long. 
The distance between rows was 20 inches. One hundred twenty-six 
plots were included in this study. The beets were thinned to a dis- 
tance of 12 inches in the row and grown to maturity under irrigation. 
The beets were harvested on an actual-yield basis, and analyzed for 
sucrose by the usual cold-water digestion method. The results in all 
cases represent an average of the seven replications. The data were 
analyzed by the variance method. 


Experimental Results—1940 
Table 1.—Results from fertilizer treatment with a sugar variety and a tennage yariety 
compared with no-treatment check plots. 


Sugar Variety Tonnage Variety 
Formula Rate of plant-food application Rate of plant-food application 
Tons beets ai 
per acre 40 Ib. SO Ib. Check 40 Ib. 80 Ib. Check 
4-16-4 16.76 15.29 16.13 18.28 18.91 17.96 
4-16-0 16.12 15.70 16.12 19.30 19.08 18.68 
0-16-4 15.59 14.95 14.83 18.58 19.63 18.02 
Average 16.14 15.31 15.69 18.72 19.21 18.22 


Req. for Sig. 1.68 tons for single treatments 
7 ton for averages of three treatments 


Pcrcentage sucrose 
4-16-4 18.00 17.74 18.14 15.88 16.20 15.87 


4-16-0 17.87 17.87 17.98 15.72 16.09 16.14 
0-16-4 17.92 17.84 18.11 15.86 15.69 15.49 





17.93 17.82 18.08 15.82 15.99 15.83 








Average 


Req. for sig. .33 percent for single treatments 
.1907 percent for averages of three treatments 


Pounds sugar per acre yield 





4-16-4 6008 414 5844 5796 6114 5707 
4-16-0 5756 3563 5801 6076 6140 6008 
0-16-4 5580 5341 5381 5881 6167 5560 
Average 574t—“‘<‘éz *SOOC«édTSC(i‘é OS ~ 6140 5758 


Req. for sig. 666.7 pounds for single treatments 
385.3 pounds for averages of three treatments 
From a study of the results of this test, it is observed that the 
trend in fertilizer response is in favor of the 40-pound plant-food 
application for the sugar variety and the 80-pound application for 
the tonnage variety. 
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Combined Results of Fertilizer Tests 
In table 2, the combined average results of the 3 years are given. 
These results were obtained from tests involving the two varieties and 
the three kinds of fertilizers used in varying amounts compared 
with no-treatment check plots. 
Table 2.—Average results from fertilizer treatment with two varieties of sugar beets. 
Years 1938-1940, inclusive. 


‘Suga r Variety Tonnage Variety 


Tons Percent- Lb. Tons Percent- Lb. 
beets age sugar beets age sugar 
Fertilizer per acre sucrose per acre per acre sucrose per acre 





: semaine eanias 
40 Ib. Plant Food per Acre 
4-16-4 15.72 17.26 461 17.55 15.50 5400 
4-16-0 14.97 17.11 5151 17.79 15.42 5509 
0-16-4 14.75 17.11 W744 17.14 15.58 5355 


Average 15.15 17.16 5229 17.49 15.50 5441 
Cheek 14.04 17.14 4849 16.93 


15.50 


5261 
In favor of 
fertilizer 1,11 02 380 6 00 180 


Feed per Acre 

4-16-4 14.65 WHS 17.96 5690 
4-16-0 14.74 5024 18.97 5961 
0-16-4 14.91 5168 18,24 5666 


Average 14.77 OTS 18.39 

Check 13.92 4797 17.20 5323 

In favor of 

fertilizer 85 08 281 1.19 449 
Req. for Sig.* .T2(a) .20(a) 147(a) ; 

A2(b) .12(b) 85(b) 
*Exceeds 5 percent point (a) between individual fertilizer treatments. 
(b) between average of fertilizer treatments. 


Discussion of Results 

Tons Beets per Acre.—From these average data, some interest- 
ing information is revealed. Over the 3-year period, the sugar va- 
riety utilizes more efficiently the lesser amounts of plant food. The 
increase over the unfertilized check was 1.11 tons per acre compared 
with .56 ton for the same comparison with the tonnage variety. The 
difference of .55 ton beets per acre in favor of the sugar variety is 
significantly large, demonstrating that this result was due to varietal 
effect. Of the fertilizer mixtures, the 4-16-4 treatment was produc- 
tive of highest yield in tons beets per acre of the sugar variety. No 
wide differences in yield were obtained for the tonnage variety for 
the different fertilizer mixtures. 

The reverse condition held for the heavier rate of plant-food ap- 
plication. The tonnage variety generally utilized the increased 
amount of plant food to better advantage. The increase over the 
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unfertilized check was 1.19 tons compared with .85 ton for the sugar 
variety. This difference, while not significant, is suggestively large, 
and is indicative of the greater feeding ability of the tonnage variety 
when a higher fertility level obtains. The 4-16-0 fertilizer mixture 
was the highest-yielding treatment in the 80-pound plant-food appli- 
eation with the tonnage variety. No appreciable differences were 
shown for the sugar variety. 

Percentage Sucrose.—Except for the response from the 80-pound 
application rate of plant food to the tonnage variety, the differences 
for percentage sucrose in the beets were too small to reach signifi- 
eance, when the average of a!l treatments and the unfertilized checks 
are compared. However, for the sugar variety, in the 80-pound 
plant-food application rate, the 0-16-4 treatment was better than 
either the 4-16-4 or 4-16-0 mixtures. The 4-16-0 treatment depressed 
the sucrose content to a significant degree. 

In the tonnage variety, the highest sucrose value was obtained 
from the 4-16-4 fertilizer mixture and the lowest from the 0-16-4 mix- 
ture in the 80-pound plant-food application rate. The 4-16-0 fer- 
tilizer was intermediate in response indicating that the tonnage va- 
riety reacted favorably to a nitrogen-bearing fertilizer. 

It is also apparent, that regardless of fertilizer treatment, the 
sugar and tonnage varieties performed essentially according to va- 
riety designation. 

Pounds Sugar per Acre.—For the sugar variety, the yield of 
sugar per acre followed the beet-tonnage trend. The highest-yielding 
treatment in the 40-pound application rate was the 4-16-4 mixture, 
which easily outyielded the companion 4-16-0 and 0-16-4 treatments. 
No significant differences were shown for any of the treatments in 
the tonnage variety for the lesser application rate. Comparing the 
difference between the differences shown for the sugar variety over 
the unfertilized check with that of the tonnage variety, it is evident 
that the sugar variety was a much more efficient producer of sugar 
per acre from lesser applications of plant food. 

In the heavier application rate, these trends were reversed. The 
4-16-0 treatment was the highest-yielding mixture for the tonnage va- 
riety, exceeding both the 4-16-4 and 0-16-4 fertilizer in this respect. 
For the sugar variety no reliable differences were shown. However 
for both varieties, large differences were obtained in favor of the 
fertilizer treatments compared with the no-fertilizer treatments. 

Comparing the increase of 449 pounds sugar per acre arising 
from the fertilizer application to the tonnage variety with that of 
the sugar variety, a difference of 168 pounds more sugar per acre 
in favor of the tonnage variety is shown, which difference is highly 
significant. j 

From the foregoing results, it appears that under the conditions 
of these tests, the sugar variety utilized to a higher degree lesser ap- 
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plications of plant food, and the tonnage variety was more efficient 
when larger applications of plant food were made. In view of the 
greater differences in pounds sugar per acre yield obtained in favor 
of fertilizer application compared with no fertilizer, and that differ- 
ences in kinds of fertilizer are of secondary importance, it is obvious 
that the most necessary plant-food element in these tests was phos- 
phorie acid. This conclusion confirms generally the standard com- 
mercial fertilizer practice prevailing in this area. 

Spacing Tests with Sugar Beets 

In the study initiated in 1938 on varietal response to different 
levels of soil fertility, indications were that distance of spacing beets 
in the row would also have to be considered. Therefore, in 1939, a 
10-inch and a 15-inch spacing variable was added to the study. From 
the 10-inch spacing between plants in the row, the largest increases in 
pounds sugar per acre were obtained, regardless of variety or soil 
treatment. The conclusions reached were that the commonly ree- 
ommended 10 to 12-inch spacing between plants in the row in most 
irrigated areas is not far from what is required for best results from 
most of our present varieties of sugar beets. 

In 1940, the study of spacing intervals in the row with sugar 
beets grown on a high and average-fertility level of soil was repeated. 
The same field selected for the high and average-fertility level work 
was used for these spacing studies. As in 1939, 500 pounds of 4-16-4 
fertilizer mixture were applied to the fertilized plots with the seed. 
The same sugar and tonnage varieties were used as in the previous 
tests. Plots were 4 rows wide, 100 feet long, with 7 replicates for 
each variable tested, or a total of 56 plots. Spacing interval at time 
of thinning was 10 and 15 inches between beet plants in the row. 
Harvest was made on an actual-yield basis. 


Table 3.—Results of spacing tests with two varieties of sugar beets, grown on two 
fertility levels of soil—1940. 


Sugar Variety Tonnage Variety 


Fertilized Not fertilized Fertilized Not fertilized 


Tons beets per acre 
10-in. Spacing 15.97 14.16 17.61 15.66 
15-in. Spacing 14.45 17.52 15.45 


Req. for Sig. 1.72* ; 


Percentage sucrose 
10-in. Spacing 17.04 
15-in. Spacing 17.05 


Req. for Sig. AqT** 


Pounds sugar per acre 
10-in. Spacing ASO, 5416 4798 
15-in Spacing 4932 5107 4607 


Req. for Sig. 378** 
*Significance beyond 5 percent point. **Significance beyond 1 percent point. 
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It is evident from the results obtained that increased yields of 
pounds sugar per acre were in favor of the closer-spacing interval 
for both varieties of sugar beets receiving fertilizer treatment. In 
the unfertilized plots, the decrease in yield was more marked for the 
tonnage variety than for the sugar variety, both spacings combined. 

Combining the data for 1939 and 1940, the trends shown in table 
4 are obtained. 


Table 4.—Effects of two spacing intervals and two fertility levels of soil upon two 
varieties of sugar beets.—Years 1239-1940. 


Sugar Variety Tonnage Variety 
Not Not 
Fertilized fertilized Average Fertilized fertilized Average 


Tons beets per acre 
10-in. Spacing 17.38 5 16.77 21.47 19.04 20.56 
15-in. Spacing 15.79 15.07 18.49 16.85 17.67 


Average 16.59 zt 19.98 


In favor of 
10-in. Spacing 


Req. for Sig. 
Single treatments 
Average of two treatments 


Percentage sucrose 
10-in. Spacing 17.04 17.21 
15-in. Spacing 16.96 16.93 


Average 17.00 17.07 


In favor of 
10-in. Spacing 


Req. for Sig. 
Single treatments 
Average of two treatments 


Pounds sugar per acre 
10-in. Spacing 5032 62 
15-in. Spacing 407 4856 


Average 3670 5250 


In favor of é 

10-in, Spacing 

Req. for Sig. 
Single treatments 365 
Average of two treatments 250 


**Significance exceeds 1 percent point. 


Both varieties responded to closer spacings of beets in the row. 
The increases were more marked for the tonnage variety than for 
the sugar variety, indicating greater ability of the tonnage variety to 
compete for plant food. As an average of both varieties, fertilizer, 
and non-fertilizer treatments combined, the tonnage variety produced 
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1.19 tons more beets, .26 percent higher sucrose in the beet, and 361 
pounds greater yield of sugar per acre from the 10-inch spacing in- 
terval, than was obtained from spacing beets 15 inches apart in the 
row. This however is only a part of the actual result, since both the 
sugar and the tonnage varieties performed essentially according to 
type designation, which is shown in the following comparison ; 
when spacings are disregarded, and varietal response to fertilizer 
treatment alone is considered, the tonnage variety outyielded the 
sugar variety 3.39 tons beets per acre, a highly significant difference. 
However, when the difference in percentage sucrose is considered, 
this was 2.45 pereent higher for the sugar variety, which also is 
a highly significant difference. The balancing effect of the greater 
tonnage yield of the one compared to the greater percentage sucrose 
in the other, resulted in a non-significant increase of 181 pounds 
sugar per acre in favor of the tonnage variety. 


When each variety is considered separately, it is seen that the 
sugar variety produced significantly large increases in tons of beets 
and pounds sugar per acre for the 10-inch spacing compared with 
the 15-inch spacing interval for both the fertilized and non-fertilized 
treatments. The sugar variety also maintained its percentage sucrose 
values in a fairly stable manner under the conditions of increased 
fertilization and increased spacing interval of beets in the row. In 


these same comparisons, the tonnage variety performed in somewhat 
similar manner but to a more pronounced degree in tons beets and 
sugar per acre yield. However, under the influence of wider spac- 
ing, the sucrose value was sharply depressed with the addition of fer- 
tilizer, indicating that in this variety the character for percentage 
sucrose was not stable when a wider range of available plant food 
was encountered. 


Summary and Conclusions 

Under the conditions existing in the Arkansas Valley area in 
Colorado, years 1938 to 1940 inclusive, and with tests conducted on 
two levels of soil fertility with a sugar and a tonnage variety of sugar 
beets, both moderately resistant to leafspot, it was found that ‘there 
was differential response of variety to more effective utilization of 
plant food. The sugar variety utilized more efficiently smaller ap- 
plications of plant food, and the tonnage variety responded to more 
generous fertilization. 


In comparing the effect of different kinds of fertilizers, with 
different rates of application, upon these two varieties, it was found 
that the sugar variety produced best yields with the 4-16-4 fertilizer, 
when applied at the rate of 40 pounds plant food per acre, and the 
tonnage variety responded most favorably to the 4-16-0 fertilizer 
at the 80-pound rate of application. 
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Comparing both varieties in a test where 10-inch and 15-inch 
spacing intervals between beets within the row were employed on a 
high and average level of soil fertility, it was found that both the 
sugar and the tonnage varieties responded to closer spacings of beets 
in the row. 

The percentage sucrose in the sugar variety remained fairly con- 
stant when the variety was subjected to increased fertilization and to 
an increased interval of spacing between beets in the row. On the 
other hand, the percentage sucrose in the tonnage variety was de- 
pressed sharply when the variety was subjected to these same con- 
ditions. 

Both varieties produced under fertilization significantly higher 
sugar-per-acre yields for both spacing intervals, compared to the 
non-fertilized check plots. 
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Fertilizers—Manner of Application 


J. E. JENSEN! 

For many years there has been some question in the minds of 
men engaged in agriculture regarding the proper application of com- 
mercial fertilizers. Considerable experimental work has been carried 
on in various areas. To further these investigations with the idea of 
determining more fully the correct manner of application, an experi- 
mental plot was planned and conducted in the West Jordan district, 
Salt Lake County, Utah, during the 1940 season. 

In order to care for variation in soil conditions, the randomized- 
block scheme was employed. Six methods of application were used 
and each was replicated four times. The two center rows in each 
block were used for selective harvest. The beets from each were 
cleaned and weighed in the field. The weights were checked by two 
persons in order to assure an accurate record. 

The experiment was continued in 1941 in West Jordan, Utah, 
and Shelley, Idaho, districts on strip plantings comprising three rep- 
lications. It was noted that moisture control and correct cultural 
methods had much to do with obtaining maximum results through 


1Utah-Idaho Sugar Company. 
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the application of commercial fertilizer. These were especially no- 
ticeable in the Shelley, Idaho, district because of proper drainage 


and the highly cultured condition of the soil. 
Table 1.—Phosphate application studies—West Jordan District—1#0 


Treatment 
™ Ib. with seed—100 Ib. side-dressed 
None with seed—150 Ib. broadcast 
™) Ib. with seed—100 Ib. broadcast 14.26 
None with seed—100 Ib. side-dressed 13.84 
75 Ib. with seed—75 Ib. side-dressed 13.24 
10) Ib. with seed—100 Ib. side-dressed 12.98 


14.80 
14.28 


Difference for significance (19:1 odds) 1.69 


Planted: April 22, 1940 4 replications 
Harvested: October 23, 1940 Block acreage: 0.038 


Table 2.—Phosphate application studies continued in 1941 at West Jordan and Shelley 
Districts with three replications on strip plantings. 


Treatment Yield—tons per acre 
50 Ib. with seed—150 Ib. side-dressed 15.54 
50 Ib. with seed—100 Ib! side-dressed 14.79 
50) Ib. with seed—5O Ib. side-dressed 13.68 
100 Ib. with seed—none side-dressed 12.71 
™ Ib. with seed—200 Ib. side-dressed 12.38 
50 Ib. with seed—250 Ib. side-dressed 12.14 


Difference for significance (19:1 odds) 1.23 


Planted : April 23-24, 1941 3 replications 
Harvested: October 28, 1941 Block acreage: 0.130 


Table 3.—VPhosphate application studies, Shelley District—1941 


Treatment Yield—tons per acre 
Ib. with seed—200 Ib. side-dressed 19.12 
100 lb. with seed—none side-dressed 18.87 
50 Ib. with seed—200 Ib. side-dressed 18.82 
Ib. with seed—5SO0 Ib. side-dressed 18.45 
Ib. with seed—150 Ib. side-dressed 18.32 
3 Ib. with seed—100 Ib. side-dressed 


Difference fer significance (19:1 odds) 


Planted: April 26, 1941 3 replications 
Harvested: October 20, 1941 Block acreage: 0.127 








The conclusions from these data are outlined as follows: 

1. Phosphate applied with the seed in excess of 75 pounds per 
acre apparently does not give a response in keeping with that from 
other methods of application. 

2. Optimum point seems to be an application of 50 pounds per 
acre with the seed and between 100 and 150 pounds per acre either 
side-dressed or broadcast. 

3. Quantities in excess of 200 pounds per acre do not seem war- 
ranted economically regardless of manner of application. 

4. It appears desirable to apply up to 50 pounds per acre with 
seed. 





Use of Manures for Sugar Beets 
S. B. NuckKoLs! 

The use of animal manures for increasing the yields of farm 
crops and maintaining soil fertility is almost as old as agriculture. 
Much of the experimental work with farm manures has been limited 
to their application as a check on the performance of commercial fer- 
tilizers. 

Salter (1) has given a resume of the use of manures in which he 
places the probable value of the entire production of barnyard ma- 
nure in United States at 1 billion tons valued at 3 billion dollars which 
is more-than the value of the wheat crop. He suggests that the com- 
monly used rate of application of manure is 8 tons per acre. It is 
also suggested in this article that phosphoric acid be applied in con- 
junction with manure. 

One of the difficulties of manuring is that it increases foliage 
growth and thereby a greater amount of moisture is required for the 
production of a crop, but this becomes a relatively unimportant fac- 
tor where ample water is available as under irrigation. Hastings (2) 
states that the value of a ton of farm manure in an irrigated rotation 
has ranged from a minimum of $1.00 to a maximum of $5.49 with a 
24-year mean indicated value of $2.77. This variation in the returns 
from a ton of manure implies that there is a considerable increase in 
the returns from a ton of manure to be obtained by proper applica- 
tion. 

Harris (3) states that the amount of manure used in the North 
Platte Valley is insufficient for best practices in maintaining soil 
fertility of the area; also, that the present method of handling the 
farm manures, in this area, permits a loss of from 25 to 50 percent 
of the value. 

In work here reported, an attempt is made to remove some of 
the variables which are present in the experimental work which has 
been done to obtain information bearing upon the more efficient 
utilization of this valuable farm product. It is believed that these 
studies, in which a reasonably accurate measure of the amount of dry 
matter in the manure applied is given, can be used to provide infor- 
mation regarding the value of manures, and suggest methods for 
the best utilization of manures in the growing of sugar beets in the 
irrigated areas. 


Materials and Methods 


The studies were conducted with the sugar-beet crop as indicator 
of values obtainable from various kinds of manure and with a varied 
rate of application. In the field tests, plots approximately 1/30 of 

‘Associate Agronomist, Division of Sugar Plants, Bureau of Plant Industry, 


United States Department of Agriculture. 
“Figures in parentheses refer to Literature Cited. 
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an acre, consisting of 14 rows, 62.5 feet long were used. In deter- 
mining the results from plots, the 8 inside rows were harvested and 
weighed in the field; the 3 border rows on each side of the plot were 
discarded. The treatments were arranged as randomized blocks and 
the statistical reduction of data has followed the analysis of variance 
procedure (4). Sucrose percentage was determined by the Sachs- 
Le Docte method from two 20-beet samples from each plot. Appar- 
ent purity coefficients were calculated from the values for dry sub- 
stance of the juice as obtained by the Bachler one-solution method. 


The manures used in this test were taken from open yards, not 
covered sheds or stables. For each type of animal, the hay-was fed 
from open racks. The measurement of moisture content of the ma- 
nure was made immediately previous to spreading the manure since 
the moisture content would be quickly changed by any precipitation 
or prolonged dry period. A very different condition, in regard to 
moisture content of manure, exists where stables or sheds are used. 
Under such conditions, the type of animal and amount and type of 
bedding are the principal factors regulating the moisture content of 
the manure, while in these instances the frequency or the lack of pre- 
cipitation is the regulating factor. 

The manures used were yard manures produced over winter 
where straw was used for bedding in open yards, with dairy cattle, 
feeder lambs, and work horses, all of which were fed grain supple- 
ments. Moisture-content variation was recognized as a factor oper- 
ative to interfere with the interpretation with tests of manures from 
various sources, places, or animals, and an attempt was made in these 
tests to standardize the application to a 50 percent moisture-content 
base. The manure was oven dried at a temperature of 85° C. to 
determine moisture contents. A certain amount of sand and gravel 
was incorporated in the manure by the tramping of the dirt in the 
feed yards by the animals, and this was washed out of the dried 
manure and redried and weighed in order to exclude this weight Of 
sand from the weight of the dry manure. The application rates were 
adjusted among the different kinds of manures and for the years, so 
that in 6 tons comparisons, the plots received actually 3 tons of dry 
matter. The manure to be used on any series of plots was piled in 
the yard and 5 samples of moisture and sand determinations were 
taken from each type of manure each year, and after moisture and 
sand determinations were made the weighed quantity of manure was 
hauled to each plot and carefully spread by hand. The manure was 
weighed in trucks on a platform scale. 

Where piled manure was used, the yard manure was placed in 
loose piles for 6 months or more, and applications were made upon 
the basis of the dry-matter content of the manure in the piles at the 
time of application. The fact that such piling of manures is con- 
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ducive to considerable losses of the weight of the manure is well 
known. Piling of manures is not advocated and this is only a test 
of the value of such materials. 


Experimental Work 


Tests in Field of High Fertility—An experiment was begun in 
1935 in a field near Scottsbluff, Nebraska. The treatments outlined 
below were repeated, using the same plots for 4 years. The growing 
of sugar beets without rotation provided some information on the 
cumulative effects of repeated manure applications. In this field, 
eighty 1/30-acre plots were used for treatments as shown in table 1, 
which gives the detailed data obtained. Since the results were, in 
many respects, consistent throughout these years of test, the data as 
summarized for the 4-year period, table 2, may be used in discussing 
these tests. For any individual method of treatment, a difference of 
0.72 ton in acre-yields of roots is required to place it outside of chance 
occurrence (odds of 19:1). For sucrose percentage, the amount of 
difference required for significance is 0.31; and indicated-available 
sugar, differences to be significant must reach 228 pounds; and for 
the apparent purity coefficients, the differences required are 0.30 
percent. 


The Interaction of Years x Blocks.—The replicates which are 
made up of years and blocks show significant F values for tons of 
beet roots, sucrose percentage of root, apparent purity coefficient of 
juice, and for indicated available sugar which indicates that there 
was considerable variation in the plot yields due to soil and seasonal 
variations. The effect of these variations can be calculated and 
eliminated in a test such as this one; however, it is of interest to note 
the various effects. Sucrose percentage indicates the greatest sea- 
sonal and soil variation by having the highest significance, and indi- 
cated available sugar is second in rank; purity coefficient is next in 
order, and tonnage of roots lowest, with all four factors being sig- 
nificant to much greater than the 1-percent degree (table 2). 


In all these calculations on replicates, it is found that years in- 
dicate a greater significance or influence than blocks, and all are 
above the 1-percent point except block effect upon sucrose content 
of roots. 


The interaction of years x blocks indicates significance beyond 
the 1-percent F requirement in all instances except for tons of beets 
where it falls between the 1 and 5-percent points. None of the sig- 
nificance for this interaction is extremely high, as much of the vari- 
ation is absorbed by the blocks and years. 
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The Interaction of Treatment x Years x Blocks.—The interac- 
tions of treatment x years, treatment x blocks, and treatment x 
years x blocks are not significantly larger than error in many in- 
stances (table 2). Treatment x blocks is greater than error for tons 
of roots, sucrose content of roots, and indicated available sugar but 
is not significant for purity. Treatment x years is greater than 
error for purity and indicated avaiiable sugar and less than error for 
sucrose content and tons of roots. Treatment x blocks x years is 
greater than error for the other items of sugar-beet yield. These in- 
teractions and their significance can be interpreted as indicating that 
there is more difference in effect of manures upon plots than for 
seasons on tons of roots and sucrose content or that these treatments 
were inclined to have similar effects during the 4 years of treatment 
but some plots responded more readily to treatment than others. 


With these criteria for testing results, it is found that among 
the kinds of manures no significant differences were found. In 
table 1, it is to be noted that if comparisons are made of items 2, 3, 
4, or 5, 6, 7, ete. in which the amount applied was held constant, the 
contrasts being made between sources, the values hold at very close 
levels throughout any rate group. For convenience, since the treat- 
ments throughout the years were balanced, the results for each kind 
of manure may be summarized, and the comparisons based on the 
experiment as a whole. 

The average acre-yield of roots over the 4 years for all plots re- 
ceiving horse manure was 18.8 tons, plots receiving cow manure av- 
eraged 19.3 tons, and the plots receiving sheep manure, 19.5 tons. 
The greatest difference here is 0.7 ton of roots and .72 is required for 
significance. The sucrose percentages found for these respective kinds 
of manure were 16.1, 15.8, and 16.0, none of these values differing 
significantly from the others. The greatest difference is .30 percent 
and .31 is required for significance. When the products of weight of 
roots, sucrose percentage, and apparent purity coefficients are ob- 
tained for each plot individually to give a value designated as indi- 
eated available sugar, these values, arranged in the same order as 
stated above for kinds of manure, are 5,392, 5,407, and 5,532 pounds 
per acre. The greatest difference here is 140 pounds, and 228 pounds 
are required for significance. Since none of the differences between 
these amounts is significant, this test does not produce any evidence 
that the manures obtained from horses, cows, or sheep, when com- 
pared on equivalent bases of dry weight, differ in agricultural value. 


The data from the 4-year experiment afford a comparison of 
manures stored for 6 months or more (table 1, classed as piled ma- 
nure) and manures taken directly from the feeding pens. These 
comparisons deal with only one application rate—6 tons gross, cor- 
responding in each case to 3 tons of dry matter. If items 2, 3, and 4 
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Table 2.—Analysis of variance of yield of tons of sugar-beet roots from plots various- 
ly treated with manure. 


Significant F values 


Degrees of Mean Calculated - 
Sources of variation freedom square F value 5 percent 1 percent 








Entire field 320 plots 


Between replicates 19 57.614 14.85 
Between treatments i 31.015 7.99 
Replicates x treatments 

(error a) 285 3.880 
Years 330.006 133.27 
Blocks 11.892 4.80 
Years x blocks 2 4.734 1.91 
Manure x none 175.72 70.94 
Rates x kinds 

(piled manure} d 0.947 
Rates x kinds 

(yard manure) 11 19.802 
Piled x yard manure 1 69.794 


1.98 
2.10 


Treatment x years 45 2.949 
Treatment x blocks 60 8.790 
Treatment x blocks x years 

(error b) 180 2.477 





240 plots treated with yard manure and excluding piled manure and 
untreated check plots 





Replicates 42.383 11.50 1.62 
Treatment 19.802 5.37 1.83 
Replicates x treatments 
(error c) 3.685 
Years 23.708 
Blocks 11.5038 
Blocks x years 4.003 
Rates 49.973 
Kinds 2 16.351 
Rates x kinds 5.866 
Treatment x years 5 1.912 
Treatment x blocks 9.758 
Treatment x blocks x years 
(error d) 2.014 
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Table 2a.—Analysis of variance of sucrose content of sugar beets from plots various- 
ly treated with manures. 


Significant F values 
Degrees of Mean Calculated 


Sources of variation freedom square F value 5 percent 1 percent 


Entire field 320 plots 

Between replicates | 28.9754 57 . 1.98 
Between treatments i 4.214 7) 
Replicates x treatments 

(error a) 285 0.6970 
Years 171.8526 
Blocks 1.3202 
Years x blocks 2.4745 
Manure x none 18.8752 
Rates x kinds 

(piled manure) ‘ 0.0512 
Rates x kinds 

(yard manure) 11 11.5052 
Piled x yard manure 1 2.9771 
Treatment x years 45 0.6494 
Treatment x blocks 6 1.0716 
Treatment x blocks x years 

(error b) 180 0.5840 


240 plots treated with yard manure and excluding piled manure and 
untreated check plots 


Replicates 19 24.8131 33.97 1.62 
Treatments 11 2.9771 4.08 1.83 
Replicates x treatments 
(error ¢c) : 0.7304 
Years ¢ 147.6111 
Blocks 1.1879 
Blocks x years p 1.9886, 
Rates q 8.5858 
Kinds : 2.9874 
Rates x kinds 5 0.1860 
Treatment x years 3 0.5754 
Treatment x blocks 1.1935 
Treatment x blocks x years 
(error d) 0.6148 
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Table 2b.—Analysis of variance of apparent purity coefficient of sugar beets from 
plots variously treated with manures. 


Significant F values 
Degrees of Mean Calculated Bas AD LAS 2. OS 
Sources of variation freedom square F value 5 percent 1 percent 





Zntire field 320 plots 
Between replicates 19 118.07 17.312 1.98 
Between treatments 16.42 2.408 
Replicates x treatments 

(error a) ; 6.82 
Years ¢ 462.39 
Blocks 38.70 
Years x blocks 58.45 
Manure x none 4.42 
Rates x kinds 

(piled manure) 4.09 
Rates x kinds 

(yard manure) il 78.65 
Piled x yard manure 1 14.16 
Treatment x years 45 7.14 
Treatment x blocks 60 5.28 
Treatment x blocks x years 

(error b) 180 7.26 

240 plots treated with yard manure and excluding piled manure and 
untreated check plots 








Replicates 19 87.32 11.737 1.62 
Treatments 11 14.10 1.895 1.83 
Replicates x treatments 
(error c) 744 
Years 363.13 
Blocks 25.32 
Years x blocks 2 29.04 
Rates 5 87.51 
Kinds 3.45 
Rates x kinds 5.95 
Treatment x years 701 
Treatment x blocks 6.03 
Treatment x blocks x years 
(error d) 8.02 
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Table 2c.—Analysis of variance of indicated available sugar per acre of sugar beets 
from plots variously treated with manures. 


Significant F values 
Degrees of Mean Calculated teal ian cee 
Sources of variation freedom square F value 5 percent 1 percent 


Entire field 320 plots 

Between replicates 8,482,748 21.82 
Between treatments 839,245 2.16 
Replicates x treatments 

(error a) 285 388,855 
Years I 45,758,148 
Blocks 2,227,328 
Years x blecks : 1,233,621 
Manure x none 5,583,714 
Rates x kinds 

(piled manure) 2 86.744 
Rates x kinds 

(yard manure) 211,418 1.83 
Piled x yard manure 606,369 J 3.80 
Treatment x years f 850,051 1.44 
Treatment x blocks 491 365 1.40 
Treatment x blocks x yeurs 

(error b) 180 361,469 





240 plots treated with yard manure and excluding piled manure and 
untreated check plots 





Replicates cee 6,102,482 3.72 1.62 
Treatments 11 606,369 ae 1.83 
Replicates x treatments 

(error c) 209 388,219 
Years b 32,400,999 
Blocks 1,988,870 
Blocks x years ’ 899,056 
Rates : 1,139,081 
Kinds ’ 188,072 
Rates x kinds 486,111 
Treatment x years : 435,825 
Treatment x blocks 519,661 
Treatment x blocks x years 


3} 
“ 


= 3 to or fi 
BE Be 
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of table 1 are used in the appropriate comparisons with items 5, 6, and 
and 7, it is to be noted that the values obtained show about the same 
performance level for crop and sugar production. When these data 
are summarized, the stored versus fresh manure (horse, cow, and 
sheep), when compared on the same dry-matter level, gave results 
from applications to sugar beets which did not differ significantly. 


The data, also, may be used to determine the relative gains com- 
ing from the successive 6-ton increments in comparison with that ob- 
tained by a 6-ton application over the contrasted series. With this 
high-yielding field, as has been mentioned, the mean yield from un- 
treated plots was at the rate of 16.2 tons of roots per acre. The 
application of 6 tons of manure gave an increase in yield of 2 tons 
of roots per acre, or a 12.4 percent increase in yield. Increasing 
the applications to 12 tons per acre resulted in an average increase 
over the untreated of approximately 21.6 percent, hence the gain 
from the second 6-ton application over the first was slightly less 
than 9.2 percent. The addition of 6 more tons in the application 
rate so that 18 tons of manure were applied only increased the 
yield 0.3 of a ton per acre above the average yield obtained from the 
12-ton applications, and increasing the application to the rate of 24 
tons per acre resulted in an increase in yield of only 0.1 of a ton 
above the acre-yield of roots from the 18-ton application. There was 
a definite decrease in sucrose percentages as the rates of manure ap- 
plications increased, as shown in table 1, the sucrose percentages for 
plots receiving 18 and 24-ton manure applications being 15.6 and 15.5 
respectively. 

It. is probably more informative to base consideration on acre- 
yields of indicated available sugar with the respective 6, 12, 18, and 
24-ton rates of application. On this basis, there is about 8.3 percent 
increase over the unfertilized plots in the plots receiving 6 tons of 
manure. The gain of the plots receiving 12 tons of manure over the 
unfertilized plots is 14.8 percent. With still heavier application, the 
gains in yield are no larger than from the 12-ton application. There 
are direct implications from these diminishing returns as manure ap- 
plications increase above a certain point which will be further con- 
sidered after the results from the other test are presented. 


Tests in Field of Low Fertility—In 1936, a second experiment 
was begun in a field of low fertility. , Fifty 1/30-acre plots were used 
for 10 treatments to be replicated 5 times. The treatments, as shown 
in table 3, were as follows: Fresh cattle manure was used in 4 plots 
at rates of 6, 12, 18, and 24 tons (50 percent moisture basis) per acre. 
In 4 plots these same rates of manure were used but a supplementary 
treatment of 150 pounds of treble superphosphate (43 to 45 percent 
P,O;) was given. One plot received only 150 pounds of treble super- 
phosphate, and one plot was not fertilized. The 4-year average for 
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acre-yield of roots in this field from the untreated plots was only 8.0 
tons. 


The detailed results for 1936, 1937, 1938, and 1939 are given in 
table 3. Since there is a fair concordance among the tests, the 4-year 
averages, as shown in table 4, may be used as a basis of discussing the 
experiments in this field. 


Table 3.—The yield summary of treatment of sugar-beet plots, with barnyard manure 
applied at the rates of 6, 12, 18, and 24 tons and 150 pounds of acid phos- 
phate per acre, over a period of 4 years at Torrington, Wyoming. 


Yield of 
dectengenninceti marketable Sucrose Gross 
Phosphate Manure Percent - roots per content sugar 
per acre per acre age stand acre of roots per acre 


Treatments 


(Ib.) (tens) (percentage) (tons) (percentage) (1b.) 

0 i 8.0 17.6 2788 

6 12.9 17.3 4462 

12 2 13.9 17.4 4805 
18 : 14.5 16.8 
24 y 15.1 16.3 
1) 0 10.8 17.8 
150 6 13.9 17.2 
150 iz 13.7 17.5 
1” 18 d 14.6 16.3 
150 24 15.3 16.1 


Mean of all treatments 13.3 17.0 


Difference required for significance for the yield summary of sugar-beet plots, 
with application of 6, 12, 18, 24 tons of manure and 150 pounds of acid phosphate per 
acre, over a period of 4 years at Torrington, Wyoming. 


Any of the 10 treatments — 
ee 5.22 9.96 
odds 99: 1 . =. 6.77 1.25 





Table 4.—Analysis of variance of yield of tons of sugar-bect roots from plots vari- 
cusly treated with manure. 





Significant F values 
Degrees of Mean EE eS es 
Sources of variation freedom square F value 5 percent 1 percent 


Between replicates 19 55.89 24.19 1.63 2.03 
Between treatments 9 101.77 44.06 1.94 2.53 
Replicates x treatments 

(error a) 2.31 
Years b “238.30 102.27 2.70 3.98 
Blocks 39.11 16.79 2.46 3.51 
Years x blocks : 15.87 6.81 1.85 2.36 
Manure and phosphate 

vs. none 101.77 44.06 1.94 2.53 
Treatment x years 2.29 1.57 1.89 
Treatment x blocks 36 2.91 1.55 1.87 
Treatment x blocks x years 

(error b) 2.33 
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Table 4a.—Analysis of variance of sucrose content of sugar beets from plots vari- 
ously treated with manure. 


“19 8.54 11.90 1.63 2.03 

Between treatments 9 7.13 9.90 1.94 2.53 
Replicates x treatments 

(error a) 72 
Years 
Blocks 
Years x blocks 
Manure and phosphate 

vs. none 
Treatment x years 
Treatment x blocks 
Treatment x blocks x years 

(error b) 





Table 4b.—Analysis of variance of gross sugar per acre of sugar beets from plots 
variously treated with manure. 


Significant F values 
Degrees of Mean Calculated a. en 
Sources of variation freedom square F value 5 percent 1 percent 





Between replicates: ; 4404625 11.116 1.63 2.03 
Between treatments 91153872 23.005 J 2.53 
Replicates x treatments 
(error a) 396234 
Years bs 191800385 39.237 
Blocks 2056119 4.206 
Years x blocks 3 1493608 3.055 
Manure and phosphate 
vs. none VL15372 23.005 
Treatment x years 318250 
Treatment x blocks i 312730 
Treatment x blocks x years 
(error b) 488827 


Table 4c.—Analysis of variance of percentage stand of sugar beets from plots vari- 
ously treated with manure. 





Between replicates 19 628 9.24 “1.68 2.03 
Between treatments 9 445 6.54 1.94 2.53 
Replicates x treatments 
(error a) 68 
Years 
Blocks 
Years x blocks 
Manure and phosphate 
vs. none 
Treatment x years 
Treatment x blocks 
Treatment x blecks x years 
(error b) 
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The tests in the field of low fertility have given interesting re- 
sults which also have bearing on the rates of fertilizer application. In 
this 4-year test, only manure from eattle-feeding pens was used, the 
rates being 6, 12, 18, and 24 tons of 50 percent dry-matter manure 
per acre. The test also affords an opportunity to evaluate effects 
derived from the supplementary phosphate application which oc- 
curred on one-half of each of the manured plots. The plots without 
treatment had an average lower stand of harvested beets than any 
treated plots in the series, and the acre-yield of roots over the period 
was 8.0 tons. Sucrose percentage was high (17.6 percent) and the 
pounds of gross sugar per acre as calculated was only 2,788 pounds. 
By the application of 6 tons of manure per acre the acre-yield of 
roots was increased 4.9 tons, and the sugar-per-acre production in- 
creased 60.0 percent. Further increase of 1 ton of roots was shown 
by an application of 12 tons of manure and sugar-per-acre gain over 
untreated plots was 72.4 pereent. With higher rates of manure ap- 
plieation, slight gains were shown. 


The Effect of Different Rates of Application of Manure 


The amount of manure applied per acre is of much more impor- 
tance than the kind of manure. Tons of beets per acre, sucrose con- 
tent of roots, and apparent purity coefficient are significantly in- 
fluenced to the 1-percent F degree while indicated available sugar is 
significant to above the 5-percent F and not to the 1l-percent F. This 
is due to the lighter application of manure producing the lower yield 
of roots which had higher sucrose content and higher apparent purity 
than the beets from the plots which received more than 6 tons of 
manure per acre per year. The highest yield of gross sugar and in- 
dicated-available sugar per acre was produced by the use of 12 tons 
of manure per application (table 2). The most efficient use of man- 
ure is indicated by the use of 6 tons of manure per acre and the least 
efficient use of manure is where 24 tons were applied per acre. This 
is true for both fields tested. 


The Relative Value of Sheep, Cow, and Horse Manure 


The effect of kinds of manure as caleulated for yard manures 
indicates a significant difference in the tons of roots and sucrose 
content but no significant difference for apparent purity or indicat- 
ed-available sugar (table 2). Sheep and cow manures produced higher 
tonnage of roots and lower sucrose content of beets than horse manure, 
while all had practically the same purity coefficient and the indi- 
cated-available sugar and gross sugar per acre were slightly highest 
for sheep manure and lowest for horse manure. Since indicated- 
available sugar per acre is ihe most efficient comparison of the value 
of manure used in sugar-beet production, it is upon this measure of 
yield that the conclusions from these tests are made. The indications 
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from these tests are that equal amounts of cattle, horse, or sheep 
manure (based upon dry weight) are of equal value in the production 
of sugar beets. 


The item, rates x kinds, of piled manures inc!udes only one rate 
—6 tons of manure per acre per year—and therefure the differences 
are entirely due to kinds of manure. No significant variation in 
effect of treatment is found which indicates no difference in the value 
of kinds of piled manures. 


The calculation of piled manures versus yard manures shows sig- 
nificance for tons of roots, sucrose content, and apparent purity but 
no significance for indicated available sugar because the purity and 
sucrose content are lower and the tonnage higher for yard manures 
than for the piled manures. This item is of little value because the 
yard manures were used at different rates while the piled manure was 
applied only at the rate of 6 tons per acre. 


A record of the differences in dry matter in manures from dif- 
ferent kinds of animals and differences in the manure from the same 
kinds of animals during different years is included in table 5. 


The item of sand is made up of particles which were obtained by 
washing and ‘‘panning’’ the manure to float out manure and retain 


the heavy particles. In this manner, all fine soil is washed out and 
ineluded in the weight of the manure. F 


The Use of Phosphate with Manure 


Where 150 pounds of superphosphate (43 to 45 percent P.O;) 
were applied per acre, the increase in gross sugar per acre was 1,020 
pounds, the increase in sucrose percentage was 0.2, which is not sig- 
nificant, and the increase in roots per aere was 2.8 tons, which is sig- 
nificant. The addition of 6 tons of manure per acre along with 150 
pounds of phosphate gave a greater increase than the use of either 
150 pounds of phosphate or 6 tons of manure. However, in one in- 
stance, in which the use of phosphate along with a given amount of 
manure was compared with the use of the manure alone, there was 
significant increase in favor of the first. 


The use of 150 pounds of phosphate and 6 tons of manure per 
acre did give an increase in yield which more closely approaches that 
produced by 12 tons of manure than that produced by 6 tons of 
manure. With 12, 18, or 24 tons of manure, the yield was not in- 
ereased by the addition of phosphate. The addition of phosphate to 
repeated heavy applications of manure is apparently not beneficial. 
However, with light applications of manure, phosphate should be 
added to this type of soil. Infrequent applications of manure should 
respond in a manner similar to the light applications of manure. 
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Summary 


1. Horse, cattle, and sheep manures are of equal value for use on 
sugar beets if value is based upon the dry-matter content of the ma- 
nures. 


2. Six tons of manure per acre produced the greater increase in 
yields for each ton of manure. 


3. The maximum production per acre was obtained by the use 
of 12 tons of manure per acre. 


4. The use of 18 or 24 tons of manure does not increase the yield 
sufficiently to recommend the use of more than 12 tons per acre per 
year. 


5. Greater returns were obtained by the use of manure on low- 
yielding fields than on the fields of higher production. 


6. Phosphate was beneficial where used with a light application 
of manure. 
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Resume of Commercial Fertilizer Studies 
With Sugar Beets’ 


A. W. SKUDERNA= 


Commercial-fertilizer studies with sugar beets have been in prog- 
ress in the Arkansas Valley in Colorado since 1909. During the per- 
iod 1909 to 1920 inclusive, various fertilizer constituents and soil 
amendments were used in numerous trials conducted on the company 
properties near Rocky Ford. For the greater part, fertilizer re- 
sponse was not sufficiently great to be profitable. On the other hand, 
factory-waste lime applied as a soil amendment in irrigation water 
over a large acreage to refractory soil types resulted in definite im- 
provement in soil structure and tilth. This practice has been limited 
to acreages immediately adjacent to the factory. 

In 1921, and continuing through 1928, a comprehensive study 
of commercial-fertilizer response was undertaken cooperatively with 
the United States Department of Agriculture, Division of Soil Fer- 
tility Investigations.* During this period, 31 experiments with com- 
mercial fertilizers were made on various soil types, irrigation condi- 
tions, and fertility levels, and the effects of various fertilizer combi- 
nations, sources of plant food in the fertilizer mixture and rates of 
application were studied. The soils on which these fertilizer studies 
were conducted ranged from neutral to highly alkaline reactions. 
During the first 4 years of study, 21 different fertilizer combinations 
of nitrogen, phosphoric acid, and potash were used in varying pro- 
portionate amounts in each test to determine trends, and to ascer- 
tain in which portion of the fertilizer triangle the response from 
fertilizer application was most pronounced.‘ 

From this exploratory work it was determined which fertilizer 
constituent was productive of better results, and the rate of applica- 
tion most likely to produce profitable returns. Therefore, in the 
tests conducted during the years 1925 to 1928 inclusive, only those 
fertilizer constituents, or fertilizer combinations found most promis- 
ing in the earlier studies were used. -In general, fertilizer response 
was correlated with soil type and certain cropping practices. For 
example, on the lighter-textured sandy loam soils, a 4-16-0 and 4-12-4 
fertilizer mixture produced the better results. Soils intermediate in 
texture, such as the silt loam and loam types, responded best to 0-16-4 


1American Crystal Sugar Company Operations, Arkansas Valley Area, Colorado, 
1921-1941. 

*Manager, Beet-Seed Operations, American Crystal Sugar Company. 

*Hurst, L. A. and Skuderna, A. W. Fertilizer Studies with Sugar Beets in The 
Arkansas Valley Areu, Colo., 1921-1928. U.S.D.A. Cire. 319. Burean Chemistry and 
Soils, and Bureau Plant Industry; 20 pp. illus. 1934. 

‘Schreiner, O. and Skinner, J. J., The Triangle System for Fertilizer Experiments. 
Jour. Am. Soc. Agr. 10: 225-246, illus. 1918. 
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and 4-16-4 mixtures. For the heavier-textured clay loam and clay 
types, the 0-16-4 and 0-20-0 fertilizers were the best. As a rule, beets 
following alfalfa, responded to an application of superphosphate, and 
especially so, when this was made in conjunction with manure. In 
this connection, it is worthy of note to record that large scale fertil- 
izer usage, principally treble superphosphate, was commercially 
adopted in this Valley in 1926. 


Fertilizer-placement studies were also made during this period. 
With the amounts of fertilizer applied—25 to 50 pounds plant food 
per acre—the greater response was obtained from a direct applica- 
tion of fertilizer in the row with the seed, and promptly furrow irri- 
gating the planted field. This practice is an extensive one in this 
Valley, although occasionally some damage is caused to the germinat- 
ing stand where prompt irrigation is not resorted to. In general, 
heavier applications of commercial fertilizer, beyond the 50 pounds 
plant food per acre were not profitable, unless the field was in a 
high state of fertility, which condition will be discussed later in this 
paper. 

It is interesting to observe the source of the various fertilizer 
constituents used, either singly or in combination, in these fertilizer 
mixtures. The nitrogen was derived principally from three sources, 
although in some mixtures as many as four sources were used. Gen- 
erally, sodium nitrate, ammonium sulfate, and either cottonseed 
meal or tankage or dried blood were used, one-third each as nitrogen 
earriers. The organie nitrogen gave the best results on the lighter- 
textured soils, and the inorganic nitrogen was best on the heavier 
soils. Sodium nitrate produced consistently better results than am- 
monium sulfate, although the differences were small. Another inor- 
ganic source of nitrogen was cyanamid. This did not produce the re- 
sponse obtained from either sodium nitrate or ammonium sulfate. 
Further, its use in the fertilizer mixture in excess of 80 pounds per 
ton is not generally recommended, since it especially reacts with sup- 
erphosphate. 

It was early observed that the percentage of inorganic nitrogen 
in the fertilizer formula could be quickly overdone with detriment 
to the germinating stand. In general, when fertilizer is applied with 
the seed, not more than 4 percent of the total plant food used in a 
complete fertilizer mixture should be nitrogen, and the balance pri- 
marily phosphorie acid. 

Since a high percentage of phosphoric acid in the fertilizer used 
produced the best results, the sources of phosphoric acid ‘in: the fer- 
tilizer mixture received considerable attention in these experiments. 
Superphosphate containing 16 percent P.O; arid: treble superphos- 
phate containing 44 to 45 percent P.O; were compared ‘in 20 tests 
made in a number of locations and on various soil types during 1923- 
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1927. Due to the injurious effects upon stands of beets resulting from 
the excess free acidity of the treble superphosphate as manufactured 
at that time, the superphosphate consistently outyielded the treble 
superphosphate in practically every test. An attempt was made to 
neutralize this excess free acidity by the addition of factory-waste 
lime, so as to make a mixture equivalent to the 16 percent superphos- 
phate. This worked very satisfactorily, resulting in significant sug- 
ar-per-acre increases. 

This suggests the possible use of lime as a filler in the treble- 
superphosphate fertilizer instead of gypsum. On soils highly charged 
with sodium salts, which is a condition frequently met with in many 
irrigated soils in the Arkansas Valley and undoubtedly elsewhere, 
there is a possibility that the phosphoric acid in the fertilizer may 
be affected adversely by the accumulation of salt. This suggests 
also the advantageous use of lime as a light top dressing on such soils, 
and for which purpose existing supplies of factory-waste lime might 
be beneficially drawn upon. 

Potash as potassium sulfate was primarily used in these tests, 
although some applications were made with potassium chloride. While 
its moderate use favorably influenced purity values and to some ex- 
tent the storing quality of beets, the yields were not materially 
greater. Therefore, during this period of fertilizer tests, it was con- 
eluded that potash was not essential to successful sugar-beet growing 
in the Arkansas Valley. 

In addition to these fertilizers, special mixtures as ammo-phos 
A and potassium ammonium phosphate were used, the latter with 
especially favorable results. In 1926, Steffens molasses was added 
to the superphosphate-lime mixture at the rate of 24% percent of the 
total mixture. After drying and grinding, the mixture was applied 
with the seed at the rate of 40 pounds P.O; per acre. An increase 
of 500 pounds of sugar per acre was obtained from the use of this 
mixture compared to the superphosphate-lime treatment alone. Dur- 
ing this period various minor elements were used singly and in com- 
bination with the three essential plant-food elements used in the body 
of these tests. The results for the greater part were inconclusive. 
Similarly, this was found true for such soil amendments as sulfur, 
iron sulfate, and gypsum. 

As a result of these tests, in the Arkansas Valley area in Colo- 
rado, it was concluded that phosphoric acid is the plant-food element 
most needed by the sugar beet, all soil types considered. Nitrogen 
in addition to phosphoric acid is also needed for best results when 
beets are grown on the lighter-textured soils. The use of potash in 
small amounts appeared to be beneficial but not essential. 

It was further observed, that the efficiency of a commercial 
fertilizer is increased materially by an abundance of organic matter 
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in the soil, either in the form of animal manures or crop residues re- 
sulting from good cropping practices. The studies indicated quite 
definitely that larger quantities of plant food could be applied with 
profit in fields of higher fertility than in fields low in fertility. 

The conclusions reached were, that for more fertile fields, a rea- 
sonable increase could be expected in most cases from commercial-fer- 
tilizer application if needed, at the rate of 60 to 80 pounds of plant 
food per acre. For soils of average fertility a 40-pound plant-food 
application was found most profitable. The most outstanding results 
were obtained from well-farmed and properly rotated fields where a 
combined use of treble-superphosphate fertilizer and manure was 
made. This was particularly true, where part of the treble-super- 
phosphate fertilizer was applied to an 8-tons-per-acre application of 
well-rotted manure made in the fall immediately prior to plowing, 
and the remainder applied with the seed at planting time. 

During the period 1909 to 1928 inclusive, a wide range in annual 
precipitation was experienced, and with it the inevitable fluctuations 
in quantity and quality of irrigation water. This is especially true 
in this area where almost entire dependence is placed upon the direct 
flow from the river for irrigation requirements. 

Of interest to the farmer is the quality of the irrigation water by 
months, during the irrigation season. For example, in years of copi- 
ous rainfall, it might be well to pass up an irrigation run in the event 
water is not of suitable quality for building up the soil-moisture sup- 
ply. Obviously, such procedure is out of question in years of water 
searcity, when poor-quality water must be applied, regardless of its 
effect upon soil structure, fixation of certain plant foods, nitrifi- 
cation, and the inevitable increase in soluble alkali salts in the soil 
surface. 

From studies conducted by the writer on accumulated alkali 
salt residues per acre during the 7-year period 1919 to 1925, this 
amounted to .25 ton annually. It is evident that in irrigated areas 
the problem of maintaining a high organic-matter content in the soil 
as a buffer against excessive alkali salt-accumulation is of extreme 
importance. 

As a general premise, commercial-fertilizer response is greater 
in years of more abundant rainfall than when a deficiency in mois- 
ture exists. Due to the general distribution of precipitation, the 
winter and early spring months are generally dry and soil nitrifica- 
tion is at its lowest ebb at beet-planting time. This condition makes 
it profitable to apply at planting time on lighter-textured soils, a 
suitable commercial fertilizer containing some nitrogen. 

The period 1929 to 1936 was one during which efforts were di- 
rected primarily at consolidating gains made in commercial-fertilizer 
usage, principally treble superphosphate, rather than instituting new 
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work. However, a cycle of abnormally dry years prevented obtain- 
ing full benefits from the fertilizer applied, and reduced rather than 
inereased the number of growers using commercial fertilizer. 

With the advent of rapid methods of soil testing for N-P-K and 
other essential plant-food deficiencies, an extensive soil-testing pro- 
gram was undertaken in 1937 in cooperation with the Anaconda Com- 
pany and also with the American Potash Institute. Using Mor- 
gans’ Rapid Chemical Method, a large number of soil samples pro- 
eured from fields located in various parts of the Valley were tested. 
In general, it was found that 78 percent of them were deficient in 
phosphorie acid, 38 percent showed nitrogen deficiency, and 29 per- 
cent were deficient in potash. From previous experience in the field, 
the results in phosphoric acid and nitrogen deficiency were expected. 
However, the large increase in soil samples showing some potassium 
deficiency was apparently a new development. 

Accordingly, this phase of study was investigated further, and 
samples to a depth of 7 to 12 and 13 to 24 inches were obtained from 
139 fields selected at random from sugar-beet-producing areas in this 
Valley. The La Motte Rapid Chemical Method for Potassium was 
used. Of the number of samples tested, 58 percent showed some de- 
ficiency in potassium. 

To confirm these results, a number of fertilizer tests were con- 
ducted in 1938 in the field on fertile soils, using treble superphos- 
phate, a 4-16-4 complete mixture, and a 4-16-0 fertilizer. In these 
treatments, the amounts of plant food applied per acre were the same. 
While all three fertilizers outyielded the unfertilized check by more 
than 25 percent in pounds of sugar per acre, there was no appreciable 
difference in yield produced by either of these three treatments. 
However, the results again demonstrated the importance of organic 
matter in the soil in increasing the benefits accruing from commer- 
cial-fertilizer application. 

To check further on the need of some organic matter in the soil 
in inereasing the efficiency of commercial-fertilizer application, a 
comparison test was conducted in 1939 with an organic base (packing- 
house waste product). Both the treble-superphosphate fertilizer and 
the 4-16-4 fertilizer mixture received organic waste as a filler, and 
each applied with the seed at rate of 40 pounds of mineral plant 
food per acre. In a field of low fertility, the results were greatly 
in favor of both fertilizers receiving the organic-base filler. In the 
field of higher fertility, there were no significant differences in 
yields produced by these treatments. 

In 1940, 12 different fertilizer treatments were used in a field 
of average fertility. Again, the outstanding treatments were the 
complete fertilizer mixture 4-24-4, and treble superphosphate, to both 
of which organic-base fertilizer had been added as a filler. Another 
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promising treatment was Soil Aid, a treated coal product reinforced 
with phosphoric acid and nitrogen. 

From the results obtained during 1938 to 1940 on soils of vari- 
ous levels of fertility, rather definite conclusions can be drawn: (1) 
That the importance of organic matter in our irrigated soils cannot 
be overstressed, and (2) that the more fertile soils generally respond 
more favorably to commercial fertilizer than soils low in fertility. 
The results of earlier work done during 1921 to 1928 are thereby 
confirmed. 

This still left the question of potash fertilization open for fur- 
ther work. A study of this phase of the problem was therefore un- 
dertaken, and the plan of experiment modified somewhat. Three 
fields of varying levels of fertility (as adjudged from previous crop 
results) were selected. All were of silt-loam type and similar crop- 
ping practice. The treble-superphosphate fertilizer was used at rate 
of 45 pounds P.O, with the seed for tests 1 and 2. Side dressings 
were made immediately after beet thinning, with the kind of fertilizer 
as outlined in the plan of treatment. The application was 4 inches 
away from beet row, and about 3 inches deep. The results follow: 

Table 1.—High-fertility field—Manzanola, Colorado, 1941 





Pounds 

commercial Percent- Coeff. Sugar per A. yield 
‘Treatment fertilizer Tonsbeets age app. 
with seed per A. per acre sucrose purity Gross Ind. Avail. 





0-0-0 18.63 11.54 64.0 4299 
0-45-0 20.43 11.34 64.9 4634 
0-45-0 

20-0-04 1-4-0 

0-45-0 

20-0-0 } 1-4-2 


Req. for sig. diff. 


2.25 ° 435 





In this test the complete fertilizer treatment (1-4-2) produced 
significantly higher results than obtained from the other fertilizers 
under test. More effective utilization of commercial fertilizer, as 
conditioned by the fertility level of the field, is evident in this test. 
It is unfortunate that in this test as in the other two to be presented, 
hail damage was such as to defoliate completely the plants and ab- 
normally depress sucrose and purity values. Further, record-break- 
ing rains occurring in September and October tended to prevent nor- 
mal recovery in sucrose. 

The results of a test conducted on an intermediate level of fer- 
tility are shown in table 2. 

In this test, the 0-30-15 and 15.30-0 fertilizer treatments were 
the most efficient in their response, from the standpoint of unit of 
fertilizer plant food applied. A trend is seen in increases in sugar- 
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Table 2.—Intermediate-fertility field—Rocky Ford, Colorado, 1941 
Side ets Percent- Coeff. pounds sugar per A. 
Treatment dressing Tons beets age app. 
with seed (pounds) peracre sucrose purity Gross Ind. avail. 











0-0-0 12.78 12.60 69.3 3220 2231 
0-45-0 13.36 12.47 70.2 3332 2339 
0-45-0 40 K20 14.58 12.84 73.6 3744 2756 
0-45-0 80 K20 16.06 12.81 48 4116 3079 
0-45-0 120 K20 17.44 12.40 74.4 4324 3217 
0-30-15 16.54 12.84 73.9 4248 

15-30-0 16.56 13.81 74.6 4308 3244 





Mean 1533 12.72 "73.3 3899 2858 
Req. for sig. diff. 2.46 37 512 





per-acre yields resulting from additions of potash in the side-dressed 
applications of 40, 80, and 120 pounds K.O respectively. It would 
appear from these results that lesser amounts of K,O in the com- 
mercial-fertilizer mixture, if needed, are sufficient for present crop 
needs. 

A third test was located in a field of lower-fertility level. In 
this test, 45 pounds of plant food, ali from trebie superphosphate, 
was applied per acre with the seed. One side-dressed application of 
100 pounds K.O was made to treatment 4 immediately following beet 
thinning. The results are shown in table 3. 


Table 3.—Low-fertility field—Rocky Ford, Colorado, 1941 


Rate plant Percent- Coeff. Sugar per acre yield 
Treatment food Tons beets age app. 
with seed per A. sucrose purity Gross Ind. avail. 





0-0-0 None t 12.07 56.69 2669 1513 
0-45-0 90 ib. . 12.21 57.80 3128 1808 
0-45-0 

0-0-49 95 Ib. 2. 12.26 57.56 1735 
00-40} 


*0-0-49 190 Ib. 11.85 56.56 





Mean s 42.10 37.14 





Req. for sig. diff. ; — ae 








~ #100 Ib. ‘side dressed. 


It is of interest to note that in the side-dressed treatment which 
received a total of 190 pounds of plant food, no significant yield dif- 
ference was demonstrated. For that matter, none of the treatments 
produced yield differences sufficiently large to be profitable. 


Conclusions 
Despite an apparent increase in the alkali salt residue left in the 
soil as a result of irrigation-water use over a 50-year period, it ap- 
pears that the changes which have occurred in the soil under nor- 
mal cropping conditions are as yet not sufficient to cause wide- 
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spread mineral plant-food deficiencies. The greatest single need in 
the building up and maintaining of fertility in irrigated soils is 
organic matter. 


Second in importance is the increasing need for phosphoric acid. 
As indicated in this resume, 78 percent of the fields tested showed 
need of phosphate fertilization. Even so, the symptoms are not as 
sharply pronounced as in some other sugar-beet growing areas 
where blackheart, a phosphate-deficiency disease, may become so 
severe as to completely kill the plant. 


From the point of view of most efficient application of treble 
superphosphate, it would appear that applying it in conjunction with 
barnyard manure at time of fall plowing, and a light application 
with the seed at time of planting deserves increased consideration. 
For alfalfa fields showing phosphate deficiency, broadcasting the 
fertilizer, and either disking it in or working it into the soil with a 
renovator have proved successful. 


In connection with phosphate application to sugar beets, certain 
varieties have shown selective preference for this plant food com- 
pared to others. It would, therefore, appear that in borderline cases 
of phosphate deficiency, variety tests in conjunction with fertilizer 
tests will need to be conducted to determine the best practice to fol- 
low. Side dressings with treble superphosphate after thinning have 
not generally shown large returns for the fertilizer dollar expended. 
There is reason to believe, however, that this practice may develop 
into sizeable proportions, when the right conditions are provided. 


Addition of nitrogen to the fertilizer mixture has been shown 
to be a profitable practice on light-textured soils, and especially so 
in years of deficient rainfall in the spring, resulting in decreased 
nitrification in the soil. Experience in the Arkansas Valley indicates 
that the percentage of nitrogen in the fertilizer mixture must be kept 
fairly low if injury to germinating stand is to be avoided. Side 
dressings with nitrogen after beet thinning have not been found prof- 
itable as a general rule. 


The application of potash in the fertilizer mixture is as yet in 
the experimental stage. Results obtained thus far indicate that for 
the heavier-textured soils well supplied with organic matter, the 
general use of this element is not yet required. However, on the 
lighter-textured soils, its use in a complete fertilizer mixture such as 
4-16-4, or 4-24-4, or eventually even in a 4-36-4, may be frequently 
justified. Even where tangible increases in sugar per acre yield have 
not been shown, the effect upon the keeping quality of the beet in 
storage has been demonstrable. 
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In these immature soils of the irrigated West, the use of certain 
soil amendments may well be considered. Sulfur as a soil corrective 
is receiving increasing attention, and under the load of increased 
accumulation of mixed alkali salts in the soil it may have to be given 
a more prominent place in our fertilizer practice. Agricultural prac- 
tice in Arizona and in part of New Mexico is already aware of the 
potential possibilities of sulfur on highly alkaline soils, as witnessed 
by a rapidly spreading usage of this plant-food element. 


Another plant-food element that has shown surprisingly good 
results, and especially so on highly alkaline soils, has been lime. Not 
only has it been proved a good flocculating agent under such con- 
ditions, but yields have been measureably increased. This suggests 
the need of further study in determining areas where it is needed, 
and possible use as a filler for certain fertilizer mixtures where dan- 
ger of reaction in the mixture is not too great. In this connection, 
symptoms of overliming as evidenced by boron deficiency are quite 
generally lacking in this Valley. 


The use of minor elements such as copper, manganese, zine, boron, 
and others, either singly or in a fertilizer carrying these rare ele- 
ments, has not as yet been productive of outstanding results. Pos- 
sibly there are areas in the irrigated areas where the reverse holds 
true. From studies conducted on use of copper-lime sprays in con- 
trol of leafspots, there are indications at times that copper may be 
utilized by the plant as evidenced by increased sugar-per-acre yield 
under non-leafspot conditions. Also, certain varieties apparently 
show a selective preference for this element. 


Finally, there is need for more critical testing of newer fertil- 
izers that are on the market. Some of these have decided merit, 
while others have nothing to recommend them excerpt the claims of 
the manufacturer or sales agent. With a rapidly maturing soil and 
with a heavy production load as evidenced by the large yields of 
crops grown per acre under irrigation, the conclusion is, that in- 
creased attention will not only have to be given to proper cropping 
sequence, crop rotations, and maintenance of high organic reserves in 
the soil, but to intelligent and efficient use of commercial fertilizers 
as well. 








Increasing Sugar-Beet Yields Through 
Early Planting 


A. W. SKUDERNA! 


It is common knowledge that early planting of sugar beets gen- 
erally inereases the sugar per acre yields. Such plantings, as a rule, 
are subject to frost injury, which may necessitate replanting. Where 
these early planted beets come through with a fair pre-thinning 
stand, the advantages are greatly in favor of this practice not only 
from the standpoint of increased tonnage of beets, but also from more 
timely performance of hand-labor operations. As a partial offset 
to this, the percentage of sucrose may be somewhat less, due to in- 
creased susceptibility to leafspot, and in some varieties the bolting 
tendency may be greatly aggravated. 


Aside from development of adapted varieties, principally curly- 
top-resistant origin, probably the greatest single contributing factor 
toward increased tonnage yields in California, has been that of ear- 
lier planting. It is common occurrence for some plantings to be made 
in late December. This has extended greatly the growing season for 
sugar beets, and as a result increased the tonnage yield per acre. 
Now that we have a number of domestic varieties available which 
have a low-bolting tendency, a more general utilization of this early 
planting practice will no doubt result. 


The problem of increasing the length of the growing season in 
areas normally visited with freezing temperatures through the use 
of extremely early dates of planting appears more hopeful of solu- 
tion now than ever before. With the advent of new varieties which 
are quite resistant to leafspot, others resistant to curly top, and some 
which definitely have a lessened tendency for bolting, it appears that 
it should be possible to extend the length of the growing season by 
several weeks. The main body of this paper is concerned with work 
done along this line at Rocky Ford, Colorado, this past season. 


A field was selected on the Rocky Ford West Farm for the con- 
duct of this early date planting project. The field was in barley in 
1940, heavily manured and fall plowed in October, and partly fitted 
as to seedbed. February 12, 1941, the seedbed was levelled and 
planted. Treated seed of 12 varieties all of domestic origin was used 
in the test. The seed was planted 1 inch deep, rate 30 pounds per 
acre, in 4-row plots extending the full length of the field. The seed 
treatment used was 1144 percent New Improved Ceresan. 


To prevent the seed from blowing, the field was lightly irri- 
gated 1 week after planting. No growth occurred until March 25, 


1Manager, Beet Seed Operations, American Crystal Sugar Company. 
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when ali of the varieties came to full stand within a period of 3 
days. The seedling plants were vigorous, uniform as to stand, and 
gave no evidence of damping-off organisms. 


The comparison planting was made April 25, using 11 of the 12 
varieties included in the early date planting. This later date was 
selected as representing the average date of planting the larger por- 
tion of the sugar-beet acreage in the Arkansas Valley. The early 
planting was thinned to a distance of 8 inches in the row in mid-May, 
and the average-date planting was thinned 3 weeks later, on June 6. 
Bolter counts were taken at monthly intervals, all of which data ap- 
pear in the table of results. A heavy hailstorm occurring August 26, 
defoliated the plants, and to that extent depressed seriously the su- 
erose percentage in the beets. 























Table 1.—Very early versus average date of planting sugar beets. 
Very Early—Feb. 12, 1941. Average Date—April 25, 1941. 

Tons Percent- Lb. pan 
beets age sugar Percentage bolting in very 

Variety per A. sucrose per A. early planting 
Ave- é Ave- Ave- 7 “i 
Early rage Early rage Early rage 6/6 7/17 8/18 9/18 Total 
0-419 21.22 14.06 14.30 14.25 G69 4007 12 28 10 0 50 
0-410 19.32 15.91 13.35 13.30 5158 4232 100 5.00 2.25 0 8.25 
0-423 18.22 15.52 13.75 13.95 SOll 4330 1.13 7.13 2.25 50 11.00 
0-401 17.04 14.83 14.10 14.35 4805 4259 i 340 1.10 BO 5.56 
0-424 17.0 12.82 13.35 14.65 4502 3756 225 9.60 3.60 0 15.45 
U. S. No. 33 17.18 13.42 13.20 13.30 45386 3570 25 38 15 5 1.88 
0-411 17.92 11.42 12.25 13.30 4390 3038 88 600 2.50 1.50 10.88 
8-401 16.72 14.38 12.95 13.15 4330 3782 7% 825 2.00 50 11.50 
0-409 15.90 13.60 4326 0 1.6 0 w 2.15 
U. 8S. No. 15 17.32 12.20 12.45 11.10 4313 2708 0 0 0 0 ” 
8-101 16.73 15.25 12.20 12.60 4082 3843 156 410 150 1.00 8.16 
U. S. No. 23 17.77 13.05 11.10 11.35 3045 2962 50 0 -25 0 15 
Mean 17.71 13.90 13.07 13.24 4681 3681 7% 3.82 1.36 42 «6.35 





Discussion.—Before discussing the results shown in the above 
table, a resume of temperature and moisture conditions existing dur- 
ing the pre-germination period is in order. During February folbow- 
ing the planting of the field, there were 13 days when the tempera- 
ture was below freezing, dropping to a low of 17°F. In March there 
were 16 days of below-freezing weather with a low of 10°F. For the 
greater part of this period the soil was bare of snow cover, and in 
consequence thereof the soil was frozen to a depth of several inches 
up to March 15. Despite this, a good stand of beet plants was ob- 
tained on all plots. Evidently, this experience parallels that of vol- 
unteer growths of shattered seed of other crops, which can and do 
withstand extremes of temperature during the winter months, and 
in due season in the spring germinate and grow vigorously ; whereas 
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seed of the same crop when seeded at normal planting dates often 
grows slowly and indifferent stands frequently result. 


In the 12 varieties, 3 were curly-top resistant, (8-101, U. S. No. 
23, and U. S. No. 33), 2 were crosses of curly-top and leafspot. re- 
sistant varieties (0-423 and 0-424), one was mildew resistant (U. S. 
No. 15), and the rest were more or less resistant to leafspot. 
While there are large individual differences between varieties in 
yields of tons of beets per acre, it is significant to note that on an 
average, the early planting outyielded the later planting by 950 
pounds of sugar per acre. 


The bolting picture yields some interesting information. It will 
be noted that the U. 8. No. 15 variety was free from bolters. Variety 
0-419, an A. C. S. Co. development, was next, and from the results 
of this test appears the best of the lot. The curly-top-resistant vari- 
eties were also good in this respect. The two curly-top leafspot crosses 
were the most serious offenders in this respect, although they ranked 
fairly well in sugar-per-acre yield. Nevertheless, it is a known fact 
that beets which bolt at a relatively early date are depressed both in 
yield and in percentage sucrose. Extremely late bolting, such as 
recorded in the September 18 reading, does comparatively slight dam- 
age to the yield, other than affecting the cosmetic appearance of the 
field. 


While considerably more time could be devoted to the discussion 
of individual results, it is believed that they speak for themselves. 
It would be extremely interesting to arrange for a number of these 
very early dates of planting in a comparatively large number of 
areas where beets are grown. <A paper presenting the outcome of 
such work should be of value to all concerned, since it might well 
point the way to increased sugar-per-acre production on a national 
seale. 














Steer and Lamb-Feeding Trials With 
Various Forms of Sugar-Beet Pulp’ 


W. M. HerMs,? R. E. Miticer, H. R, Guiteert,* anp R. D. Jonest 


California is one vf the leading states in the production of sugar 
beets, and Yolo County has recently become the leading county in 
production within the State. 

From the inception of the commercial production of sugar beets 
in the county in 1906, the acreage devoted to this crop has grown to 
a total of approximately 35,000 acres equal to about 10 percent of 
its total cropped acreage. 

Prior to the erection of the American Crystal Sugar Company’s 
factory at Clarksburg in 1935 and the Spreckels Sugar Company’s 
factory at Woodland in 1937. all beets produced were shipped out 
of the county to other factories for processing. The result was that 
for a long period of time beet tops were the only by-product avail- 
able to the livestock feeder. 

However the subsequent erection of factories made large quan- 
tities of sugar-beet pulp in its various forms and molasses available 
for feeding. This accentuated the need for further definite infor- 
mation on the feeding and handling of these beet by-products under 
local conditions. 

The Spreckels Sugar Company realized that the suecessful and 
continued operation of its factory at Woodland was dependent on 
a large yearly supply of sugar beets, and therefore inaugurated in 
1937 a livestock-feeding program among its growers as a means to 
insure the maintenance of soil fertility, the establishment of a sound 
rotation practice, a better distribution of labor, and the development 
of a market through livestock feeding for home-grown feeds. 

It was considered of vital importance in inaugurating a live- 
stock-feeding program to demonstrate to our cattlemen, sheepmen 
and dairymen who were also beet growers, the efficiency and economy 
of these beet by-products in a fattening ration when compounded 
with the hays and feed grains so abundantly produced locally. 

Therefore, a 2-year series of sugar-beet-pulp steer-feeding trials 
to be followed by 2 years of similar work with lambs was inaugurated 
at Woodland, California, in 1939, to obtain this information and to 
appraise the relative value in a ration for steers and lambs of the 
various forms of beet pulp, such as dried molasses pulp, pressed pulp, 
and siloed pulp. 





‘Conducted at Woodland, Yolo County, California, 1989 to 1941. 

*Agricultural Extension Service, *Division of Animal Husbandry, University of 
California. 

‘Spreckels Sugar Company. 
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In conducting these trials the Spreckels Sugar Company received 
the splendid cooperation of the County and State Agricultural Ex- 
tension Service, the Animal Husbandry Division of the University 
of California at Davis, and its farmer-cooperators, the Brownell 
Ranch Company, and Paul Reiff, who made possible the work done 
with steers and Henry Gasser who made possible the work with 
lambs. 

Before discussing the details of these trials it is of interest to 
point out the use of large numbers of animals. This is perhaps the 
most comprehensive feature of the work carried on. Large groups of 
animals gave the trials a commercial background without losing sight 
of the scientific aspects of this type of work. They al8e_aliiw for 
truer averages. 


Highlights of the Results of Two Years’ Feeding Trials with Steers 

Gains.—The average daily gain for the cattle fed dried beet pulp, 
pressed beet pulp, and siloed beet pulp shows no significant difference 
for the 2 years of the trial. In lot 4 with only the 1 year’s trial 
where no beet pulp was fed, the rate of gain was noticeably lower 
than in the pulp lots. 

Dry Matter Required for Gains.—In both trials the cattle fed 
siloed beet pulp required less dry matter to produce gain than did 
any of the other lots (comparable with 4 years’ results of Colorado 
Experiment Station). 

Cost of Gains.—The feed cost of producing 100 pounds of gain 
was lower in the trial with the siloed and pressed-pulp lots than with 
the dried-pulp lot for the 2 years under trial. The cattle which re- 
ceived no pulp in the second trial had the highest feed costs per 100 
pounds of gain. 

Returns.—In both years larger returns above feed costs to cover 
labor, interest, and profit were obtained from the cattle fed wet pulp 
than from the cattle fed dried molasses pulp or straight hay and 
grain. 

Replacement Value of Wet Pulp.—The value of pressed and 
siloed pulp from a replacement viewpoint was noticeably favorable. 

The feasibility of marketing local feeds through cattle has been 
demonstrated. 

The value of livestock feeding to the beet industry is largely in 
the manure produced for use on the land. 


Procedure 
Cattle Used.—In the first trial 45 head of short yearling Here- 
ford steers weighing 646 pounds were placed in the feedlot for a pre- 
liminary feeding period of 7 days. They were then graded, weighed, 
tagged individually, and divided equally into 3 lots according to 
grade and weight. 














152 AMERICAN Society SuGAr-BEEt TECHNOLOGISTS 


Summary of Steer-Feeding Trials 


Comparison of Pressed, Siloed, and Dried Molasses Pulp and Check Lot Without Pulp. 
(Average of 2 years’ trials.) 























Brownell Ranch Woodland, California 
Dried Pressed Siloed (1940 only) 
pulp pulp pulp Hay & grain 
Lot No. 1 2 3 4 
Number in lot 21.5 22 21 28 
No. of Days 161 168 157 172 
Initial Weight 615.2 500.5 608.7 501 
Final Weight 926.6 925.4 930.2 SH 
Total Gain 311.6 315.3 321.5 308 
Daily Gain 1.94 1.90 2.00 1.76 
Daily Ration 
Alfalfa Hay 8.74 7.39 745 15.17 
Rolled Barley 6.03 6.14 6.13 6.56 
Dried Molasses Pulp 6.40 on _ paces 
Pressed Beet Pulp 43.82 a... | jie 
Siloed Beet Pulp tals 44.10 
Molasses 1.87 1.87 1.96 
Dry Matter Required for 
100 Ib. Gain 1059 1082 939.8 1345 
Feed Cost per 
100 Ib. Gain $9.05 $7.06 $7.57 $9.56 
Feed Prices Used: ist Trial 2nd Trial 
Alfalfa Hay $10.00 per ton $12.00 per ton 
Rolled Barley 20.00 per ton 20.00 per ton 
Dried Molasses Pulp 23.00 per ton 20.00 per ton 
Pressed Pulp 1.40 per ton 1.30 per ton 
Siloed Pulp 1.75 per ton 1.55 per ton 
Molasses 15.00 per ton 12.00 per ton 





In the second trial it was decided to enlarge the scope of this 
work and accordingly 113 head of short yearling Hereford steers 
weighing 592 pounds were similarly handled and divided into 4 equal 
lots. The steers in both lots graded as feeders from ‘‘medium to 
good.”’ 

A preliminary feeding period is advisable for cattle coming off 
the range or pasture because it gives them a chance to get used to 
their surroundings, quiet down, and take on a normal fill. Both lots 
received alfalfa hay and a small amount of barley during this period. 


Feedlots.—The feedyard used for these trials provided ample 
shed room and. outside corral space for each lot. It provided all 
necessary facilities for feed storage, sorting, and weighing of the 
eattle. 


Feeds Used.—The ration fed to each lot in trial I was as follows: 
Lot I—Dried molasses pulp, alfalfa hay, and rolled barley. 
Lot Il—Pressed beet pulp, alfalfa hay, rolled barley, and cane mo- 
lasses. 
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Lot I1I—Siloed beet pulp, alfalfa hay, rolled barley, and cane mo- 
lasses. 

All three lots received cottonseed meal the final 40 days. 

Trial II was a repetition of trial I with a fourth lot added as a 
check lot receiving alfalfa hay, rolled barley, cane molasses, but no 
pulp. 

No cottonseed meal was used in trial IT. 

Steamed bonemeal and salt were available to the steers at all 
times in both trials. The alfalfa hay was baled and of good quality. 
The barley graded as No. 1 feed barley. 

The amount of cane molasses fed in both trials was equal to the 
amount contained in the dried molasses pulp. 

Methods of Feeding.—-In the first trial all feeds except the hay 
were fed twice daily, early morning and evening. In the wet-pulp 
lots the grain was fed first followed by pulp and molasses. Hay was 
fed in small quantities three times daily between the morning and 
evening feedings of concentrate and pulp. 

The feeding schedule of the seeond trial followed closely that of 
the 1939 trial except that the hay was fed twice daily. 

Conditions During Feeding Period.—The cattle in both trials 
were brought on feed slowly, increases being made over short periods 
until full feed was reached. No serious conditions of the cattle going 
off feed were experienced. As pulp and grain were increased the 
hay was decreased. Every effort was made to keep the total dry mat- 
ter and total digestible nutrients consumed on a comparable basis. 
Weather conditions were more favorable during the first trial. Sev- 
eral exceptional hot spells and a bad fly period were experienced 
in the third month of the second trial and were reflected in the de- 
ereased gain of this particular period. 

Marketing.—The steers at the conclusion of both trials were sold 
without a cut at the feedlots with a 4 percent shrink to local pack- 
ers, and in each year they topped the market at time of sale. 

Records.—All feeds fed were weighed out and recorded at each 
feeding. 

Representative samples of all feeds fed were taken daily and 
eomposited for their final analysis. Moisture determinations were 
run daily on the wet pulp fed. 

At the outset of the trials individual weights of steers were taken 
for 3 consecutive days to account for any variation in fill. In the 
first trial, weights by lot were taken at the 30, 60, and 111-day pe- 
riods with individual weights at the conclusion of the trial. In the 
second trial after the initial 3-day weighings the individual weight 
of each steer was taken every 30 days and at the conclusion of the 
trial. 
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Discussion of Results 

Rate of Gain and Dry-Matter Basis.—In the first trial the cattle 
fed dried molasses beet pulp (lot I) made significantly less gain 
than those fed comparable rations containing pressed or siloed pulp. 
(lots II and III.) In the second trial the cattle fed dried molasses 
pulp made gains equal to those fed siloed pulp. This suggests that 
variation in the cattle or factors other than feed were responsible for 
the difference in results obtained. The average of the two trials indi- 
cates that there was no significant difference in the feeding value of 
equal amounts of dry matter in dried and in siloed pulp. 

In both trials the cattle fed pressed pulp for the major part of 
the period made less gain than those fed siloed pulp, this difference 
being more apparent when comparison is made of the periods when 
fresh pulp was available. The agreement of both trials in this re- 
gard offers evidence that the dry matter of pressed pulp is not so 
efficiently utilized as that of siloed pulp. 

Lot IV of trial 2 that received no beet pulp made less gain than 
those fed beet. pulp. As barley and molasses were held constant in 
all lots, beet pulp was replaced in the ration of this lot by a suffi- 
cient amount of alfalfa hay to equal approximately the total digesti- 
ble nutrients of the other three lots. The results confirm other diges- 
tion trials and feeding experiments in showing that the dry matter 
of beet pulp has the nature of a concentrate feed rather than that of 
a roughage, and that a pound of digestible nutrients in beet pulp has 
more productive value than an equal amount from alfalfa hay or 
other types of roughage. 

Cost of Producing Gain.—Feed costs per 100 pounds of gain in 
the first trial based on the prices paid for feeds at the feedlot were 
substantially in favor of the siloed and pressed-pulp-fed cattle. The 
feed cost per 100 pounds of gain was $2.26 lower for the siloed- 
pulp lot than for the dried-pulp lot. 

In the second year’s trial the costs were again lower for the siloed 
and pressed-pulp lots as compared with the dried-pulp lot. The feed 
costs of the siloed-pulp lot were $1.38 lower than the dried-pulp lot. 
The cattle which received no pulp had the highest feed cost per 100 
pounds of gain in this trial. The evidence in both trials definitely 
points to the fact that wet pulp furnished feed nutrients at lower 
cost than did the other feeds. 

Replacement Value of Wet Beet Pulp. — Comparing lot II 
(pressed pulp) with lot IV (hay and grain), a ton of pressed pulp 
replaced 43.8 pounds of barley, 412.9 pounds of alfalfa hay, and 11.7 
pounds of molasses. 

Comparing lot III (siloed pulp) with lot IV (hay and grain) a 
ton of siloed pulp replaced 60.7 pounds of barley, 445.3 pounds of 
alfalfa hay, and 16.7 pounds of molasses. 








PROCEEDINGS—THIRD GENERAL MEETING 155 


Carcass Yields.—In both trials there was little difference in the 
eareass yields or cooler shrinkage of the various lots of cattle. 

Individual Gain and Grades.—In both trials large variations in 
gain, grade attained from feeder classification, dressing percentage, 
and in cooler shrinkage were noted. 

One of the interesting sidelights of the trials was this variation. 
It would appear that when feed and environmental conditions are so 
comparable, an interesting problem presents itself to the animal hus- 
bandman and the geneticist. 

Returns Over Feed Costs.—In the first year’s trial, the margin 
between purchase price and selling price was $1.50 per hundred- 
weight, and in the second year’s trial, $1.15 per hundredweight. 

In the first year’s trial the cattle fed dried molasses pulp re- 
turned $1.23 per head, and the cattle fed siloed pulp, $16.00 per head 
over feed cost to cover labor, interest, and profit. 

In the second year’s trial, the following returns above feed costs 
to cover labor, interest, and profit were recorded : 


Lot I Dried beet pulp............................ $ 6.77 per head 
Lot II Pressed beet pulp........................ 11.16 per head 
Lot III Siloed beet pulp........................ 11.22 per head 
Lot IV Hay and grain............................ 5.17 per head 


In both years there was a larger margin of profit with the wet- 
pulp lots of cattle than with the dried-molasses-pulp or hay lot. 


Highlights of First Year’s Lamb-Feeding Trial 

One Year’s Results.—It should be stated at the outset that one 
year’s trial is not sufficient to be conclusive. This trial has, how- 
ever, indicated the practicability of marketing locally produced feeds 
through lambs. A repetition of the test is contemplated during 1941. 

Rate of Gains.—The rate of gain of the siloed-pulp lambs in this 
year’s trial was significantly higher than the other three lots. The 
addition of wet pulp to a basal ration of grain and hay and molasses 
resulted in a definite increase in gain and a better, more-uniform 
finish. 

Cost of Gains.—The lambs fed wet pulp made considerably cheap- 
er gains than those fed the dried pulp or the hay and grain. The 
cost per 100 pounds gain for lot II (siloed pulp) was $5.86, lot I 
(pressed pulp) $6.31, lot III (dried pulp) $7.83, and lot IV (hay 
and grain) $7.95. 

Replacement Value of Wet Beet Pulp. — Comparing lot I 
(pressed pulp) with lot IV (hay and grain), a ton of pressed pulp 
replaced 82.9 pounds of ground barley, 548.5 pounds of alfalfa hay, 
and 24.6 pounds of molasses. 

Comparing lot II (siloed pulp) with lot IV (hay and grain), a 
ton of siloed pulp replaced 139.9 pounds of ground barley, 636 pounds 
of alfalfa hay, and 44.2 pounds of molasses. 
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Slaughter and Grade Information.—The dressing percentages of 
the lambs in the dried-pulp and hay-and-grain lots were higher than 
the lots fed wet pulp. 

In grade of careass, which indicates finish, the siloed-pulp lot 
was superior as shown by the largest percentage of choice carcasses. 
All four lots of lambs graded out very well as the carcasses were 
well covered. 

Operator’s Financial Statement.—The financial statement shows 
a feed profit in each lot but particularly favorable in the wet-pulp 
lots. It should be remembered, however, that the prevailing feed 
prices were quite low, that the owner, Mr. Gasser, is an experienced 
lamb feeder, and the lambs were fed under ideal feedlot conditions. 

Sugar Beets and Livestock.—The value of a livestock feeding 
program in a sugar-beet-producing area is largely in the manure pro- 
dueed for use on the land. 


Summary of Lamb-Feeding Trials 


Summary of Lamb-Feeding Trial—Fall of 1940. Comparison of Pressed Beet Pulp, 
Siloed Beet Pulp, Molasses Dried Beet Pulp, and Check Lot without Beet Pulp. 
Henry Gasser Feeding Plant Woodland, California 








(Pounds unless otherwise designated) 


























Molasses Grain 
Pressed Siloed dried and 
pulp pulp pulp hay 
Lot No. 1 2 3 4 
Number of head 142 142 146 141 
Number of days 87 87 93 93 
Average initial wt. per lamb 67.6 67.4 67.8 66.9 
Average final wt. per lamb 93.2 : 06.4 94.9 88.3 
Average gain per lamb 25.7 29.0 27.1 22.4 
Average daily gain per lamb 204 335 291 241 
Average daily feed per lamb: 
Ground barley aH Ble D4 06 
Beet pulp 5.73 5.73 99 ovine 
Ground alfalfa hay 1.29 1.44 1,24 2.34 
Molasses 34 oA — 33 
Total dry matter per lamb per day 2.94 3.04 2.83 3.16 
Cost per 100 Ib. gain $6.31 $5.86 $7.83 $7.95 
Feed profit per lamb $1.48 $1.61 $1.05 $ .96 








Feed Prices: Ground barley $16.00, alfalfa hay $8.00, molasses $12.50, pressed beet 
pulp $1.33, siloed pulp $1.50, and dried molasses pulp $21.00. 
Average moisture content of wet pulps: Pressed 87.6 percent, siloed 88.1 percent. 





Upon the completion of the steer-feeding trials there was con- 
siderable demand that similar trials be conducted with lambs. Yolo 
County being one of the 10 largest sheep counties in the state with 
many sugar-beet growers also in the sheep business, it was felt that 
such trials would be of much value since fattening of lambs for mar- 
ket is becoming more and more of a practice in California. 
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The Spreckels Sugar Company with the cooperation of the same 
agencies and Henry Gasser, commercial lamb feeder of Woodland, 
outlined and got underway a lamb-feeding trial on October 1, 1940. 


Procedure 


Lambs Used.—From a band of 725 eastern Oregon white-faced 
lambs of Rambouillet-Corriedale breeding, 600 lambs weighing 61 
pounds were selected for uniformity of size and weight. They were 
a medium type of feeder lambs of only fair quality but fairly repre- 
sentative of the type of lamb fed in this locality. These lambs were 
shorn and then divided into four lots of 150 lambs each and placed 
in their respective feedlots. 

Feedlots.—Mr. Gasser’s lamb-feeding quarters provided an ideal 
setup for this trial. The lots were all under roof, concrete floored 
(kept well bedded), with excellent facilities for feeding, weighing, 
ete. The lambs were confined throughout the trial to their respective 
lots. 

Rations Fed.—The rations fed were identical to those used in the 
steer-feeding trials, the purpose being to evaluate these feeds for 
lambs as well as steers. 

Lot I Pressed beet pulp, ground barley, cane molasses, and ground 
alfalfa hay. 

Lot II Siloed beet pulp, ground barley, cane molasses, and ground 
alfalfa hay. 

Lot III Dried molasses beet pulp, ground barley, and ground alfalfa 
hay. 

Lot ITV Ground barley, cane molasses, and ground alfalfa hay. 
(Cheek lot). 

Methods of Feeding.—The rations were so regulated that the 
three pulp lots received approximately the same amount of dry mat- 
ter. The molasses fed to the wet-pulp-and-hay lots was comparable 
to that contained in the dried-molasses-pulp lot. The same amount 
of barley was fed to each lot. The alfalfa hay was coarsely ground 
and fed in self-feeders which allowed each lot to consume hay at will. 
The pulp was fed twice a day, in the early morning and again in 
the early afternoon. The molasses was mixed with the wet pulp in 
lots I and II, and with the hay in lot IV. The alfalfa hay was of 
medium quality. The ground barley used in the first 60 days was 
only of fair quality but for the finishing period whole barley of ex- 
cellent quality was fed. The barley was fed once a day at the start, 
later twice a day, and during the finishing period three times daily. 
This gave all lambs more of a chance to get their barley and pre- 
vented them from getting an excessive amount at any one time. 

Free access to block salt and clean water was available to each 
lot at all times. 
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The pens were bedded down with rice hulls whenever necessary 
to insure dryness. 

Weighing.—The lambs were given a 10-day preliminary feeding 
to get them on feed before the initial weights were taken. The lambs 
were weighed on October 10 following their morning feed for their 
initial weight, and then every 2 weeks until the final weighing 
on the day of shipment. The lambs in each lot were branded with 
their respective lot number for identification purposes in case | 
mixup. 

Bringing the Lambs on Feed.—This is a very important step in 
commercial lamb feeding. Lambs are more sensitive to a change of 
feed and particularly to concentrates than steers, and the feeder 
should exercise special care in bringing lambs on feed. 


From a start of 2 pounds of hay, 1.5 pounds of wet pu'p, and .33 
pound barley, the pulp and barley were gradually increased through- 
out the early feeding period until on the thirtieth day they were re- 
ceiving 1.6 pounds hay, 6.0 pounds of wet pulp, .66 pound barley, 
and .38 pound molasses per head. As the amount of barley was in- 
creased through the finishing period, hay and pulp consumption 
dropped off. 

It was very noticeable that the siloed-pulp lot relished their pulp 
more than the pressed-pulp lot, consuming more hay throughout the 
test. 


Mortality.—The death loss in this trial was approximately 1 
percent which is lower than usually experienced. The reason for this 
was that lambs not coming on feed within a reasonable time or oth- 
erwise out of condition were removed from the pens and put on al- 
falfa pasture. Practically all of these lambs survived and were later 
fed out. On the other hand, if they had remained, many would have 
died and greatly increased the death loss. 

Feed corrections were made for all lambs that died or were re- 
moved. 

Composition and Price of Feeds Used.—Daily samples of all 
feeds were taken and composited for analyses. Daily moistures were 
run on all wet pulp fed. Prices of feeds used were charged at the 
current market prices prevailing at the beginning of the trial. 


Discussion of Results 
Rate of Gain.—The rate of gain of the siloed-pulp lambs (.335 
pound daily) was significantly higher than that of the other three 
lots, particularly when compared to the hay-and-grain lot (.241 
pound daily) which received the standard ration used by lamb feed- 
ers in the district. The siloed-pulp lot in particular showed a better 
and more uniform finish. 
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Cost of Gains.—Though the amount of dry matter consumed by 
the dry-fed and wet-pulp lots was equal, the wet-pulp lots made con- 
siderably cheaper gains than those fed the dried pulp or hay and 
grain. The cost per 100 pounds gain in the lots was as follows: 

Lot I Pressed pulp 
Lot II Siloed pulp 
Lot III Dried pulp 
Lot IV Hay and grain 

The difference in the cost of 100 pounds of gain between the 
siloed-pulp lot and the hay-grain lot of $2.09 is of very significant 
importance to the commercial lamb feeder. 

Replacement Value of Wet Beet Pulp. — Comparing lot I 
(pressed pulp) with lot IV (hay and grain), a ton of pressed pulp 
replaced 82.9 pounds of ground barley, 548.5 pounds of alfalfa hay, 
and 24.6 pounds of molasses, valued at $3.02. 

Comparing lot II (siloed pulp) with lot TV (hay and grain), 
a ton of siloed pulp replaced 139.9 pounds of ground barley, 636 
pounds of alfalfa hay, and 44.2 pounds of molasses, valued at $3.94. 

Slaughter and Grade Information.—The slaughter data showed 
that the dressing percentages of the lambs in the dried-pulp and hay- 
and-grain lots were higher than the lots fed wet pulp. In grade of 
eareass, which indicates finish, the siloed-pulp lot was superior as 
shown by the largest percentage of carcasses grading choice. All 
four lots of lambs graded out very well, 89 percent of the carcasses 
grading good and choice. 

Operator’s Financial Statement.—The financial statement is the 
chief interest of the commercial feeder showing whether the opera- 
tions have been profitable. The financial statement of this trial 
shows a feed profit in each lot but was particularly outstanding in 
the wet-pulp lots. Operating on a narrow margin or spread of 1 
cent per pound, the feed cost profit varied from 96 cents in lot ITV 
(hay and grain) to $1.61 per lamb in lot II (siloed pulp). This 
profit does not include labor, interest, taxes, or overhead, nor was 
any credit allowed for the manure produced. 

Second Year’s Trial.—To evaluate the findings of this trial, a 
second trial is at this date nearing completion. As soon as possible 
a summation of the data and their relation to this trial will be avail- 
able. 

Conclusions 

It is the earnest belief of all parties working on these trials that 
a great deal of valuable information was obtained. 

Upon the completion of each trial a field day and barbecue were 
held at which time the sheepmen and cattlemen of the community and 
other interested parties had an opportunity to inspect the steers and 
lambs and obtain the results of the experiments. 











160 AMERICAN Society SuGAr-BEeet TECHNOLOGISTS 


These meetings were especially well attended which was most 
gratifying because the main object of these trials was to interest and 
instruct the producers in livestock feeding. 

The place, economy, and efficiency in a ration for fattening 
steers and lambs on the various forms of sugar-beet pulp when com- 
pounded with locally produced alfalfa hay and barley were definitely 
shown. 

Valuable information was developed which demonstrated that 
it is possible and feasible to market home-grown feeds through live- 
stock and by so doing to produce large quantities of manure so vital 
to the maintenance of soil fertility. 


Beet-Sugar Production as Influenced 
By Climate’ 


Apert ULricu,? WM. R. Liner, anp H, J. VENNING, JR.* 


The cultivation of sugar beets in the United States and Europe 
has been limited by trial and error to definite areas. These areas, as 
shown by the annual production records, may vary considerably in 
productivity not only from district to district but from year to year 
within a district. The cause for these variations is not entirely clear. 
Some of the differences in yields may be attributed to diseases or to 
differences in rainfall or cultivation practices and undoubtedly to 
soil fertility. Superimposed upon these variables is the effect of eli- 
mate, which in itself varies from year to year. 

That climate is an important factor in sugar production was 
shown for sugareane by Borden (1936) when two soils taken from 
high and low-production areas with similar temperatures gave yields 
which were related primarily to the sunlight of the localities rather 
than to soil differences. Clements (1940) in comparable field ex- 
periments at two locations correlated the lower yield of cane sugar 
with a lower light intensity. Kriiger and Wimmer (1936), with 
sugar beets grown in pots receiving direct and diffused sunlight, 

1Conducted by the Division of Plant Nutrition, University of California, in coop- 
eration with the Spreckels Sugar Company. 

Assistance was furnished by the personnel of the Works Projects Administra- 
tion, Official Project No. 65-1-08-91-B-10. 


Assistance in the preparation and maintenance of the light cells was received 
from Dr. P. R. Stout and Leo Kline. The temperature data were tabulated by James 


B. Carleton. 

“Junior Soil Chemist, Division of Plant Nutrition, University of California, 
Berkeley, California. 

*Field Superintendent and Assistant Field Superintendent, respectively, Spreckels 
Sugar Company, Woodland, California. 
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found that yields were limited by light under their conditions rather 
than by the nutrient deficiencies which restricted growth in direct 
sunlight. Borden (1940), in another study with sugarcane grown in 
pots, showed that shaded plants produced less sugar than unshaded 
plants regardless of the potash or nitrogen treatments used by him. 
These and other considerations already mentioned have indicated 
that climatic variations in California, particularly along the coast in 
contrast with the interior, may limit beet-sugar production. 

Procedure.—F or the purposes of the present investigation, two 
soils were collected from beet-growing areas. One soil, Metz silty 
clay loam, was obtained from a coastal area in the vicinity of King 
City which is approximately 150 miles southeast of San Francisco. 
The other soil, Yolo silty clay loam, was taken from a field near 
Woodland in the hot Sacramento Valley. 

Each lot of soil was thoroughly mixed before it was placed in a 
series of 33-gallon pots at Woodland and at Berkeley. The pots were 
protected from overheating by placing soil between them which was 
moistened from time to time. The drainage water was caught in a pan 
below each pot and then returned just prior to the next watering. 
The composition of the tap water used to irrigate the beets, while 
different at each location, was believed not to influence the beet 
yields. Ali cultural practices at the two locations were similar 
throughout the experiment. 

The fertilizer treatments given in table 1 were applied at the 
time of planting the U. S. No. 15 sugar-beet seed. Since Metz silty 
clay loam was known to be ampiy supplied with all nutrients except 
nitrogen, only ammonium sulfate was added at the 2N and 4N levels 
(N=27.8 grams). In the case of the Yolo silty clay loam, adequate 
amounts of phosphorus and potassium were added with the nitrogen. 

When the experiments were repeated in 1941 a new lot of Yolo 
silty clay loam was obtained within a few feet of the first lot and 
then prepared as in 1940. The Metz silty clay loam used in 1941 
was taken from the same reserve pile as in 1940 and therefore was 
identical for the 2 years. 

The sugar beets were planted on April 9, 1940, at Woodland and 
at Berkeley on the following day. In 1941 the beets were planted at 
the two locations on April 17. In 1940 the beets were harvested on 
October 4 at Berkeley and October 5 at Woodland, while in 1941 the 
harvest dates were October 7 and 8 respectively. 

Analytical Methods.—The yields were obtained by weighing soil- 
free beets topped according to the methods prescribed by the beet- 
sugar companies. The sugar percentages were determined by the 
Sachs-Le Docte method as given by Browne (1912) and modified by 
Bachler (1934), while the purities were determined by Bachler’s re- 
fractometer method (1937). All of the analyses were made by the 
Spreckels Sugar Company at their Woodland refinery. 
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Figure 1—Day and night temperatures at Berkeley and Woodland, California, 
during the 190 and 1941 seasons. Each point is an average daily (6:01 a. m. to 


The air temperatures at Berkeley and Woodland were determined 
with a hygro-thermograph (Julien P. Fries No. 207W) at each loca- 
tion. The points plotted in the graphs (figure 1) are the average 
weekly day or night temperatures averaged for 2-hour intervals. 


The light readings are given as average milliequivalents of oxa- 
late decomposed each day for the week. The calibrated test tubes 
(18 x 150 mm.) containing the uranium oxalate solution (12.605 
grams (COOH),..2H.0 + 5.023 gm. UO,(NO;)2.6H,O per liter) are 
set normal to the sun by a special calibrated holder. Each test tube, 
except for an 8 mm. annular ring approximately 2 em. from the base 
of the tube, was painted with black asphaltum varnish and then with 
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6:00 p. m.) and nightly (6:01 p. m. to 6:00 a. m.) temperature (averaged for every 
2-hour period) for the week ending on the date given. 


a coat of aluminum paint. The unpainted strip around the tube 
permitted the entry of sunlight for the photochemical decomposition 
of oxalate ions to CO and CO, (Anderson and Robinson, 1925). The 
decomposition of oxalate is effected by ultra violet light and the blue 
of the visible spectrum. Since the ultra violet light cannot penetrate 
readily the pyrex glass of the test tubes, the blue light of the shorter 
wave lengths is mainly effective in the oxalate decomposition ; 10 ml. 
of the uranium oxalate solution has been found satisfactory for even 
the longest days at either Woodland or Berkeley. In 1941 the test 
tubes at Berkeley were modified by fusing a small flask on the end 
of the test tube. The capacity of the larger cells was 66 ml., which 
was adequate for a week’s exposure to sunlight. 
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Results.—A comparison of the average day and night tempera- 
tures at Berkeley and Woodland for 1940 and 1941 (figure 1) shows 
that the day and night temperatures at Woodland are much higher 
than those at Berkeley. In fact the night temperatures at Woodland 
are approximately equal to the day temperatures at Berkeley. It 
is to be noted that there is no outstanding difference in temperature 
at each location for the two seasons except at Woodland where the 
degree-hours above 85°, 90°, 95°, or 100°F. (table 2) are greater in 
1940 than in 1941, a point which will be discussed later. 


The light intensities (figure 2) as measured by the milliequiva- 
lents of oxalate decomposed for the 1940 and 1941 seasons are 20 to 
25 percent greater at Woodland than at Berkeley. There is no 
marked difference in the total light available for the two seasons at 
each location, but there is a difference in the timing of the periods of 
high and low light which might affect the rate of growth favorable 
or adversely, depending upon the physiologieal state of development 
of the plants. 


The beet and sugar yields, sugar percentages, and the purities 
of the beets from the two soils treated with different levels of nitro- 
gen at Berkeley and Woodland are summarized in table 1. The re- 
sults are primarily of interest because of the changes in sugar per- 


centages of the beets for the 2 years at the two locations. In 1940 
the sugar percentages at Berkeley were higher than those at Wood- 
land. The converse was true in 1941 when the sugar percentages at 
Berkeley were not only slightly lower than those in 1940 but were 
now definitely lower than those at Woodland which had increased 
considerably during 1941. 


The yields from the two soils differed in many respects within 
each year and between the 2 vears. In 1940 the yields at Berkeley 
for the comparable treatments of the two soils were not significantly 
different, while at Woodland the yields for the 2N treatment of the 
Metz silty clay loam were higher than for the 2N treatment of the 
Yolo silty clay loam. The significantly lower yield at Woodland for 
the untreated Metz silty clay loam in comparison to the Yolo silty 
clay loam may have been caused by the addition of a small amount 
of soil to the pots shortly after thinning the beets. The yields for 
the 2N and 4N treatments of the Metz silty clay loam at Woodland 
were higher than those at Berkeley, while there was no significant 
difference for the untreated soil at the two locations. The yields for 
the untreated Yolo silty clay loam were higher at Woodland than at 
Berkeley but there was no difference for the 2N treatment. The net 
effect of the higher yields and lower sugar percentages at Woodland 
was a similar sugar production at the two locations. 
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Figure 2.—Light at Berkeley and Woodland, California, as measured by the 
milliequivalents of oxalate decomposed during the 1940 and 1941 seasons. Each point 
is an average daily value for the week ending on the date given. 
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The yields for Metz silty clay loam at Berkeley and Woodland 
are higher in 1941 than in 1940 in five out of six treatments while 
for the Yolo silty clay loam they are approximately the same for the 
2 years. At Berkeley and at Woodland the Metz silty clay loam pro- 
duced higher yields than the corresponding treatment for the Yolo 
silty clay loam. The untreated Metz silty clay loam produced a 
much higher yield at Woodland than at Berkeley, while in the un- 
treated Yolo soil there was no difference between the two locations. 
At Woodland the maximum yields were obtained with the 2N treat- 
ment for both soils and not with the 4N treatment as at Berkeley. 
This difference resulted in a significant increase in yield for the 4N 
treatment of the Yolo series at Berkeley over the corresponding treat- 
ment at Woodland. The net effect of the higher sugar percentages 
at Woodland was a higher sugar production in every case except in 
the 4N treatment of the Yolo series. In the latter instance the higher 
sugar percentage did not overcome the relatively low yields occurring 
in this treatment at Woodland. 


The purity coefficients in 1940 failed to follow any set pattern, 
although the lowest value was given by the 4N treatment for the 
Metz silty clay loam at Berkeley, while at Woodland the untreated 
soil in this same series gave the lowest purity value. The highest 
purity at Woodland was given by the 2N treatment for the Yolo 


series. Other differences were not statistically significant. In 1941 
there were no statistically significant differences (according to the F 
values, Snedecor, 1938) for any of the treatments at the two loca- 
tions, although it is of interest to note that the lowest values were 
given by the 4N treatment at Woodland for both soils and for the 
4N treatment of the Yolo series at Berkeley. 


Discussion of Results.—Some of the results obtained during the 
2-year study with the Yolo and Metz silty clay loam soils at Berkeley 
and Woodland are difficult to explain. Ordinarily it is te be ex- 
pected that beets grown at a higher temperature such as at Woodland 
would give lower yields and lower sugar percentages than the cooler 
climate of Berkeley. During the first year the yields were in many 
instances actually higher at Woodland than at Berkeley, although the 
sugar percentages were definitely lower at Woodland. The net effect 
was a similar sugar production at the two locations. In the following 
year all of the sugar percentages and some of the yields were dis- 
tinectly higher at Woodland than at Berkeley. Perhaps these, un- 
expected differences in sugar production could be explained on the 
basis of the higher light intensity at Woodland than at Berkeley. 
The additional light at Woodland amounting to 20 to 25 percent may 
have been more than enough to offset the greater respiration and 
thus result in the higher yields in 1940 and the higher yields and 
sugar concentrations in 1941. But this would leave unexplained the 
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higher sugar production at Woodland in 1941 over 1940. The tem- 
peratures and light intensities are apparently similar for the 2 years 
and yet the sugar yields are different. Either the differences for 
the 2 years are caused by a difference in the number of degree hours 
above 85° F. (table 2), or to a difference in timing of the temperature 
or light factors, or to some condition as yet unknown. The increases 
in the degree hours above 85, 90, 95 and 100° F. during 1940 over 
1941 favor the temperature hypothesis. Such increases in tempera- 
ture with their resultant effects on respiration may have been enough 
to depress the sugar content of the beets during 1940. 


Table 2.—Comparison of degree hours in 1940 to 1941 at Woodland and Berkeley. 





Day (6:01 a. m.-6:00 p. m.) Night (6:01 p.:m.-6:00 a. m.) 
Location i Degree hours above Degree hours above 





85°F. 900F. 95°F. 1000F. S5OF. 90°F. 95°F. 





Woodland 4,044 2,334 928 260 498 202 42 
Woodland 992 1,948 784 216 400 130 22 
Increase over 

1941—In 

Percentages 





Berkeley 
Berkeley 
Increase over 
1940—In 
Percentages 





1With an 85°F. base 1 hour at S6°F. equals 1 degree-hour and 2 hours at 
91°F. equals 12 degree-hours, etc. 





The higher yields from the untreated Metz silty clay loam at 
Woodland in 1941 may be associated with a greater bacterial activity 
at the higher temperature, and this would result in a more rapid de- 
composition of the organic matter present in the soil. The yields 
for the 2N and 4N treatments for this soil in 1940 are higher at 
Woodland than at Berkeley and this also applies to the 2N treatment 
in 1941. The additional nitrogen which may have been derived from 
the bacterial activity in the 4N treatment in 1941 was not effective 
in increasing the yield. In the Yolo silty clay loam there was no 
significant increase in yield at Woodland, and therefore it may be 
assumed that no additional nitrates were formed from the organic 
matter. 

A point which requires further study is the failure during 1941 
of the 4N treatment to increase the yield over the 2N treatment for 
both soils at Woodland. The leaves in all instances failed to give a 
positive nitrate test with diphenylamine at harvest time, thus indi- 
eating the utilization of the available nitrates by the plants. The ap- 
pearance of the plants at harvest time supported the negative nitrate 
test, since the outer leaves were yellow, and only a few green leaves 
remained in the center of the plants. The question to be solved is the 
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location of the nitrogen in the 4N treatments. Part of it was used 
in the greater top growth of the 4N treatment, but this may not 
account for all of it. Another part may have been trapped in the 
yellow leaves which became non-functional at a time when there was 
still a high-nitrate concentration in the plant and therefore the ni- 
trates were not translocated to the regions of growth. From the 
practical standpoint split applications may be more effective than 
one single heavy application in the spring. 


Summary 

Sugar beets were grown in pots by the same technique in the dif- 
ferent climates of Berkeley (cool and cloudy) and Woodland (hot 
and sunny). Two soils were obtained for the study, one (Metz silty 
clay loam) from the coastal area near King City and the other (Yolo 
silty clay loam) from the interior of California near Woodland. 

In spite of marked differences in temperature and light intensi- 
ties at the two locations during any one season, the differences in 
sugar production were not nearly so great as occurred at Woodland 
between two successive seasons. 

Sugar beets receiving twice as much nitrogen as a comparable 
series produced the same yield of beets even though the available 
nitrates had been utilized by the plants. 
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Multiple Versus Single-Factor Experiments 


Bion To_tmAn! 


Whether comparisons are simple or complex largely depends on 
the factors being considered. In the chemical laboratory the rela- 
tionship between an acid and a base does not fluctuate with time éf 
day, intensity of light, or the method of adding one to the other. 
Titrations made during the summer are comparable with titrations 
made during the winter. In contrast to the standardization that is 
possible in the laboratory, agricultural crops are never grown in the 
field under a standardized set of conditions. In any one field many 
factors influence the growth and development of a crop. When sev- 
eral fields are considered, the variability of these factors is greatly 
inereased. Under these conditions of variability the experimenter 
has to make the choice of how many factors should be considered in 
any given experiment. If he chooses to make only one comparison, 
holding all other factors at a given level, he is then conducting single- 
factor experiments. The comparison may be between the presence 
or absence of a given fertilizer, or between different amounts of the 
same fertilizer, or between methods of application, or between dates 
of application. By adhering strictly to single-factor experiments 


only one of the above comparisons would be made in any one experi- 
ment. 


In contrast to this procedure, multiple-factor experiments, or 
factorial experiments, as they are commonly termed, are those which 
include in one experimental set-up all combinations of several dif- 
ferent sets of treatments or factors. Kind of fertilizer, amount of 
fertilizer, and date and method of application would all be consid- 
ered simultaneously. By this procedure, information would be ob- 
tained on the response of each factor and also on the effects of 
changes in the level of each factor on the response of the others. 
More frequently than not the interaction relationships between re- 
lated factors in a field experiment are more important than the pri- 
mary effect of any one factor alone. 


The data presented in this paper were selected from field experi- 
ments dealing with fertilizer and cultural practices in relation to 
sugar-beet seed production and from variety tests conducted in rela- 
tion to variation in spacing and fertility level. In each case the 
source of the data is indicated by literature citation. 


‘Assistant Agronomist, Division of Sugar Plant Investigations, U. S. Department 
of Agriculture. 
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Experimental Data Illustrating Multiple-Factor Relationships 


Variety Tests.— Variety trials are generally standardized as 
much as possible. It has been shown, however, that sugar-beet va- 
rieties respond differentially to levels of fertility and variations in 
spacing (3, 4)*. This fact suggests that variety tests may profitably 
be conducted on varying levels of fertility and with variations in 
spacing. The data in table 1 give an example of practical signifi- 
eance, inasmuch as the three varieties shown have been widely used 
commercially. It is evident from the data in table 1 that all varieties 
decreased in percentage sucrose and coefficient of apparent purity as 
the manure increased. However, the variety 8.L.C. 5639 decreased pro- 
portionately more than did the other varieties. No one will question 
the value of knowing that variety S.L.C. 5639 decreased to as low as 
12.62 percentage sucrose and 79.10 percentage purity with 20-inch 
spacing on high fertility. Varieties with this characteristic are un- 
satisfactory for commercial use. 


Sugar-Beet Seed Production Tests 


Early attempts at growing sugar-beet seed in southern Utah in- 
dicated that some serious soil deficiency or deficiencies interfered 
with plant growth. The most immediate need was to determine what 
elements were lacking. Early experiments showed that nitrogen and 
phosphate were the elements most concerned and that they must be 
applied to the growing crop before maximum or even economic yields 
could be obtained (2). As soon as the kind of fertilizer necessary to 
supply the needed elements had been decided upon, subsequent ex- 
periments dealt more extensively with quantities necessary and time 
of application (7). In the course of these experiments it was shown 
that a proper balance was necessary between nitrogen and phosphate 
if the most satisfactory results were to be obtained. In some cases 
applications of nitrogen without sufficient phosphate were actually 
detrimental. In addition to the weak, immature growth shown in 
figure 1, high-nitrogen fertilization was responsible for intensifica- 
tion of phosphate deficiency to the point where many plants turned 
brown and died. 


The data in table 2 show that the combined response of nitrogen 
and phosphate is greater than the combined response of both fertil- 
izers tested independently. The application of 600 pounds of am- 
monium sulfate without application of phosphate increased the yield 
of seed 246 pounds per acre. The application of 300 pounds of 
treble superphosphate alone increased the yield of cleaned seed 657 
pounds per acre. When the 600 pounds of ammonium sulfate and 
300 pounds of treble superphosphate were added in combination, the 


*Figures in parentheses refer te Literature Cited. 
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Figure 1.—Interaction response of phosphate and nitrogen on sugar-beet seed in 
southern Utah. High nitrogen with no phosphate (left) causes weak succulent stems, 
uneven maturity of the seed, and late vegetative growth. None of these undesirable 
effects occurs when sufficient phosphate is added to balance the nitrogen. 


increase in yield of seed as compared to the check was 1,194 pounds 


per acre. It is evident that this increase is almost 300 pounds greater 
than the total of the individual responses, and that it would he im- 


Table 2.—Effect of nitrogen and phosphate on sugar-beet seed yields in southern 
Treble superphosphate applied 








Pounds of ammonium bes 
sulfate applied None 300 pounds 600 pounds 


None 1431 2088 2 
600 pounds 1677 : 2760 
1,000 pounds 1666 2657 2877 








Least significant difference 
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possible to determine optimum amounts of either nitrogen or phos- 
phate without studying their combined response. 

Experiments in the Willamette Valley in Oregon (6) indicated 
that under some conditions it may be impossible to determine what 
fertilizer elements are deficient without studying them both singly 
and in combination. Both nitrogen and sulfur are deficient and 
must be applied in sugar-beet seed production, yet either one applied 
alone gives a very unsatisfactory response (figure 2 and table 3). 

When nitrogen was a limiting factor there was no response from 
the 94-pound application of sulfur; when sulfur was a limiting fac- 
tor, there was only a 250-pound increase in seed from 563 pounds of 
NaNO,. However, when the additional 563 pounds of NaNO, were 
applied in combination with the 94 pounds of sulfur, the increase 
in seed was almost 1,000 pounds per acre. It is evident that the 

















Figure 2.—Interaction response of nitrogen and sulfur. General view of experi- 
mental plot near Jefferson, Oregon, showing nitrogen-deficient strips (B) and sulfur- 
deficient blocks (A), also the location where the three detail pictures A, B, and C 
were taken. A shows lack of nitrogen response when no sulfur was added. B shows 
lack of sulfur response when nitrogen was deficient. C shows the interaction re- 
sponse of adding nitrogen and sulfur in combination. 


Table 3.—Nitrogen and sulfur responses on beets grown for seed in Oregon as shown 
by the pounds of clean seed per acre. 





94 Ib. 
No sulfur 
Nitrogen application sulfur in fall 





Pounds — Pounds 
100 pounds NaNOs in fall; no nitrogen in spring 1,073 1,001 
333 pounds NaNOs in fall + 330 pounds NaNOs in spring 1,323 2,061 





Least significant difference 
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importance of either nitrogen or sulfur might have been overlooked if 
either one had been tested alone and the balanced comparisons had 


been omitted. 


This experiment shows also that some care should be exercised 
in picking the form of commercial fertilizer to be used when the kind 
of fertilizer element is being determined. If ammonium sulfate had 
been used in place of sodium nitrate in the test just considered, the 
true relationship between nitrogen and sulfur would not have been 
evident. Existing literature on all previous fertilizer trials with 
established crops in any area is of course helpful in determining just 
what fertilizer elements should be tried on any new crop. Once the 
decision has been made as to what elements may be lacking, the pos- 
sible interaction relationships should not be overlooked when the 
experiment is planned. 

Very frequently cultural practices have an influence on fertil- 
izer response. Previous crop, time, method of seedbed preparation, 
and planting date are all factors which may influence either the op- 
timum amount of fertilizer or the optimum time of applying fertil- 
izer (5). Again care must be exercised to pick those related factors 
which are applicable to the area and the crop under consideration. 
In southern Utah beets generally follow alfalfa. Because of this fact, 
in that area it is more important to know the effect of different meth- 
ods of handling the alfalfa sod prior to the beet-seed crop than it is 
to know the relationship to seed production of other crops that are 
less likely ever to precede beets in the rotation. 

Data from experimental plots in southern Utah (7) indicate 
that date of plowing the alfalfa sod prior to planting the beet-seed 
erop is not only an important factor in and of itself, but that it also 
has an important bearing on fertilizer practice and planting date. 
Each of these three factors may act separately or in combination, 
and the combined effect of any two factors may be additive or one 
may alter the effect of the other. The interaction relationships of 
these related factors is very evident from the data in table 4 and 
figure 3. It is evident that the mean difference in the acre yield 
of seed between the early and late-plowed plots was much greater on 
late-planted plots than on early planted plots. When the plots were 
planted September 1, the mean difference due to plowing date was 
445 pounds of clean seed. When planting was delayed until Septem- 
ber 22, the mean difference between plowing dates increased to 1,025 
pounds of seed per acre. 

On the other side of this relationship, the mean difference be- 
tween the September 1 and September 22 plantings was very much 
greater on the plots plowed late than on the plots plowed early. 
Where the alfalfa sod had been plowed May 28, allowing for com- 
plete decomposition of the green manure, the mean difference be- 
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tween the seed yield on the September 1 and September 22 planting 
was only 37 pounds of clean seed per acre. When the plots were not 
plowed until August 4, the difference in seed yield between the Sep- 
tember 1 and September 22 planting was increased to 543 pounds 
per acre. 7 

Both planting date and plowing date comparisons were greatly 
influenced by time of phosphate application. When fall fertilization, 
planting date, and plowing date were most favorably combined, the 
acre yield of seed was 3,262 pounds of clean seed per acre. When 
these same factors were all unfavorably combined, the yield was only 
826 pounds. It is also evident that the percentage of plants enter- 
ing into seed production was greatly influenced by each of the factors 
in the test and that interaction effects were much more important 
than the effect of any one factor alone. The proper evaluation of 
any one of the related factors in this test would have been impossible 
under any experimental set-up that did not give a measure of the in- 
teraction responses. 

Discussion 

The results obtained by use of multiple-factor experiments, such 
as illustrated in this paper, are of much greater practical value be- 
eause of their wider basis of application than the results would have 
been if each factor had been tested separately under standardized 
conditions. In addition to the increased information obtained from 
multiple-factor experiments as compared to single-factor experi- 
ments, it has been shown that the cost per unit of information is ac- 
tually less in multiple-factor than in single-factor experiments, and 
that contrary to the belief of many there need be no loss in precision 
of measurement if proper experimental designs are used (1, 8, 9). 
Experimental design should be given careful consideration in each 
planned experiment to make sure that the most efficient one is being 
used. 


It may be felt by some that the above statements favor complica- 
tion of experiments for complication’s sake. That is to say, the 
more complicated an experiment or the more factors introduced, the 
better the experiment. This is not the thought implied. The num- 
ber of treatments that can be introduced into any one experiment is 
limited rather severely by consideration of space and design, conse- 
quently the question is generally not what can be included but what 
should be included. The first step in making this decision is to list 


Figure 3.—Interaction response of method of seedbed preparation, time of phos- 
phate application and planting date. A shows the combined effect of late planting 
(September 22) and late seedbed preparation. B shows the increase in bolting brought 
about by early planting (September 2). C shows how late planting can be compen- 
sated for by proper seedbed preparation and phosphate fertilization. 
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all possible related factors. From this list are then selected those 
which are (1) most applicable to the area and crop under consider- 
ation; (2) of most immediate economic importance; (3) most closely 
related to the main purpose of the experiment, ard (4) those funda- 
mental to a long-range program. 


Summary 


In field experiments with agricultural crops many factors are 
encountered which affect growth. Attempts to measure each of these 
factors at a standardized level, disregarding the effect of related 
factors, has generally proved very disappointing. Multiple-factor, 
or factorial experiments measure simultaneously both the single and 
combined effect of the several related factors. In fertilizer trials it 
has been shown that a proper balance of deficient elements must be 
supplied if maximum responses are to be obtained. Experiments in 
southern Utah have shown that the interaction responses between 
nitrogen and phosphate are more important than the response of 
either element tested alone. A similar relationship exists between 
nitrogen and sulfur in southern Oregon. Experimental work in 
southern Utah also indicated that certain cultural practices, such as 
time and method of seedbed preparation and planting date, have a 
direct bearing on fertilizer practices, and that the proper evaluation 
of any one of the factors alone without due consideration of the re- 
lated factors is impossible. 


Variety trials have been standardized as much as possible. It 
has been shown, however, that sugar-beet varieties respond differ- 
entially to levels of fertility and spacing. This fact suggests that 
variety tests may profitably be conducted on varying levels of fer- 
tility and with variations in spacing. 


In most eases information obtained from multiple-factor experi- 
ments is of greater practical value due to a wider basis of applica- 
tion than are results of experiments where single factors are tested 
under standardized conditions. 
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Comparative Efficiency of Lattice and 
Random-Block Designs for a 
Sugar-Beet Variety Test’ 


G. W. Deming ANd O, H. CoLeMAN?2 


Thirty-six sugar-beet varieties were included in a lattice design 
of three replications according to the methods of Cox and Eckhardt 
and Cochran.* The plots were 60 feet long and four 20-inch rows 
wide. All the beets were harvested from the 2 inside rows of each 
plot and were washed before being weighed. Only the acre yields 
of roots are reported. 


Analysis of Variance for Randomized Blocks 
Variance due to D/F Mean Squares r 


Replication 2 1.7004 
Varieties 35 6.3800 1.69 (Slightly exceeds 
Biks. x Var. (Er.) 70 5 percent point) 


Total 107 
Standard error of the mean in percentage of the general mean 7.26 percent 
Two times the standard error of a difference 3.17 tons 











Analysis of Variance for Lattice Design 


Variance due to D/F Mean Squares 


Reptication 1.7004 
B-ocks (eliminating 
variety effect) 11.6518 
Varieties (ignoring 
blocks) 3: 6.3800 4.00 (Exceeds 
Error (intra-b!ock) : 1.6252 1 percent point) 


Total 


The mean standard error of all comparisons is 1.133 tons. 





The analysis of variance for a randomized-block test shows that, 
in spite of relatively high variability in the experiment as a whole, 
very little of the variance is attributable to block effect. The F value, 
while low, does indicate that statistically significant differences in 
the yield of the varieties are shown by the test. 


1Paper Number 147, Scientific Journal Series, Colorado Agricultural Experiment 
Station. 

2Assistant Agronomist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture, and Assistant Agronomist, Colorado Ag- 
ricultural Experiment Station, respectively. Note: Agronomic investigations are 
cooperative with the Colorado Agricultural Experiment Station. 

®The Analysis of Lattice and Triple Lattice Experiments in Corn Varietal Tests. 
Part. 1. Iowa Research Bulletin 281. Sept. 1940. 

‘Lattice Designs for Wheat Variety Trials. Jéur. Amer. Soc. Agron., Vol. 33, 
pp. 351-360, April 1941. 
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The analysis of variance for the lattice design shows that a very 
large portion of the total variance is attributable to the small, six- 
variety blocks. It should also be noted that a much higher F value for 
varieties is obtained. Statistically the lattice design was found to have 
196 percent of the efficiency of the random-block design in this test. 


Table 1—Mean yields of the randomized-block test and corrected mean yields of 
the lattice-design test ranked in the order of yield of the varieties. 





Randomized-Block Test Lattice-Design Test 
(Means of 3 plots) . (Corrected Means) 
Rank Variety No. Yield Variety No. Yield 





(tons) (tons) : 
18.13 19.97 
18.10 18.89 
17.74 18.72 
17.31 a 17.86 


16.70 : 17.66 
16.67 17.13 
16.67 17.05 
16.59 d 17.05 


16.41 16.73 
16.37 16.72 
16.14 16.54 
16.12 16.34 


16.09 P 16.18 
15.91 16.06 
15.83 15.85 
15.75 15.68 


15.65 15.58 
15.61 15.27 
15.51 15.20 
15.45 y 15.19 


15.45 15.08 
15.31 15.05 
15.28 14.72 
15.16 14.71 


15.13 14.64 
15.05 14.63 
14.38 14.25 
14.21 13.91 


14.17 13.89 
14.14 13.76 
13.95 13.51 
13.79 13.12 


PESS BSR 


13.79 1 12.82 
12.88 12.70 
12.62 2 12.65 
11.81 10.74 


SREB 
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The mean yields and the adjusted mean yields of the varieties 
are given in table 1 in the order of the varieties’ yields. Of the 
five highest-yielding varieties, the variety which was ranked as fifth 
according to the randomized-block design was changed to eighth in 
the corrected yields, and sixth was raised to fifth. The four lowest 
varieties were the same and in the same order by both analyses. It 
was found that Numbers 22 and 32 were in the top ranking 18 of 
the random-block test and fell to twenty-first and twentieth place, 
respectively, in the corrected yields; while Numbers 36 and 19, which 
were twenty-first and nineteenth, respectively, in the random-block 
test, were raised to places among the top-ranking 18 in the corrected 
yields. This would be important if only the 18 best varieties were 
to be saved in a breeding program. When all varieties with yields 
above the mean of the random-block test are selected, both designs 
include the same varieties in the first twenty-one places. 


In this case the adjustment of means had little effect on the 
varieties which might be selected for further study in a breeding 
program. Thus the 196 percent statistical efficiency did not indicate 
that the biological choice of selection would be approximately twice 
as good when based on the lattice design as when based on the ran- 
domized-block design. 


In case of missing plots the data from one or more plots of a test 
will be lost. Such loss of data may occur when a large number of 
selections, made in the early stages of a breeding program, are under 
test. Adjustments for the loss of data for any plot or for any 
variety are relatively simple in the case of randomized-block designs, 
but such adjustments have not been worked out for lattice designs 
such as this one, in which partially adjusted plot yields are used. 





Pre-Harvest Estimate of Yield and Sugar 
Percentage Based on Random- 
Sampling Technique 


An accurate pre-harvest estimate is of considerable value from 
several viewpoints. First, the agricultural department likes to be 
in a position to give to the management an accurate estimate of the 
crop to be harvested. At the present time the department has been ask- 
ed to make a crop prophecy from a personal observation of the fields. 
Aside from the pride of the agricultural department in being able to 
give a reasonably close estimate of the crop to be harvested, there are 
some practical points to be considered. In areas where the company 
has more than one factory and where they decide to equalize the 
length of the campaign between their factories to limit the losses 
from storage in piles, it is desirable that a reasonably accurate esti- 
mate be known, so that diversions can be made between those factories 
at the lowest net cost per ton for transportation. Inaccurate esti- 
mates may cause diversions to be made at greater cost than is finally 
justified when the true figures are known. The management also 
desires to know the length of campaign in order to provide operating 
supplies in sufficient quantity and to avoid over-purchases. Another 
very important point is that the estimated tonnage will give the 
management an estimate of sugar and by-product production from 
which output they will determine their sales policy. An accurate 
estimate of the tonnage to be harvested is also of value in determin- 
ing the length of the campaign and from that to determine the date 
for beginning operations. 


Since it is to be a pre-harvest estimate it really consists of two 
estimates: First, that of the yield and percentage of sugar at the 
time the samples are taken; and, second, a prediction as to what 
will happen to these characters before harvest is completed. The 
latter must be, in some measure, at least, a matter of personal or 
group judgment, based on an intimate knowledge of the condition 
of the crop. However, as pointed out later in this paper, two dates of 
sampling provide some real measure of the trend. The magnitude of 
certain losses at harvest discussed more fully in another section of 
this report, will become recognized after the method has been used 
a few seasons and may be taken into consideration in predicting 
final figures for the completed harvest. 


1Agronomist and Statistician, respectively, Experiment Station, Great Western 
Sugar Company. 
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In devising a scheme for arriving at a pre-harvest estimate we 
have considered three questions. We will attempt to answer only 
the first two; the last question being left for those company officials 
whose duty it is to provide beets for processing. 

1. Is the method legitimate or sound? 

2. Will it be precise and accurate? 

3. Will the cost be excessive? 

A randomized-sampling scheme, including geographic stratifica- 
tion, was conducted by the Agricultural Marketing Service of the 
United States Department of Agriculture cooperating with the Iowa 
State College, in making pre-harvest estimates of wheat yields. King 
and Jebe (1) in a preliminary report on this scheme concluded, from 
data taken in North Dakota in 1938, that route sampling of the wheat 
erop does give a practical and efficient estimate of the yield per 
acre.* They found that stratification by varieties would have given 
a marked gain in accuracy, while a geographical stratification would 
have added little to the information. King and McCarty (2) in a 
report on pre-harvest sampling of the wheat crop in Oklahoma, Kan- 
sas, Nebraska, South Dakota, and North Dakota for 1939-1940 suggest 
that double stratification by variety and district might be advan- 
tageous in some years. 

It is pointed out in both of the above mentioned reports, that 


by increasing the number of samples per field a larger number would 
need to be taken to obtain the same accuracy than if the number of 
samples were increased by sampling more fields. 

In an attempt to make a pre-harvest estimate of the sugar-beet 
yield and percentage of sugar in the Great Western area, similar 
basic principles were employed in setting up a sampling scheme as 
were used in the studies reported above on wheat-yield estimates. 


Methods Used in This Study 

The factory district was chosen as the basic unit, for which 
considerable accuracy was desired. The sampling was organized and 
earried through in 16 factory districts, 12 of which were in Colorado, 
3 in Nebraska, and 1 in Wyoming. There was no particular interest 
in obtaining an accurate estimate for individual farms. Yield, per- 
centage of sugar, and stand were considered. 

Farms were listed for each factory district in order of their 
3-year average beet yield for 1938-1940 with the current year’s 
acreage in beets attached. All farms with less than 5 acres in beets 
for the current year were eliminated, since such farms constitute a 
very small percentage of the acreage in the Great Western territory. 


*The proposed scheme was discussed with G. W. Snedecor, Director of the Sta- 
tistical Laboratory at Iowa State College, to whom we are indebted for valuable 
criticism relative to the plan and analysis of the data. 

‘Figures in parentheses refer to Literature Cited. 
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The sampling problem was much simplified by leaving them out of 
consideration. The farms having 5 acres or more for the current 
year and immediate 3-year previous beet records were then listed or 
‘*stratified’’ into 5 classes by starting at the top of the list and arbi- 
trarily making sub-divisions so that 20 percent of the acreage fell in 
each class. Approximately an equal number of farms for sampling 
purposes were then chosen at random from each class. The number 
of farms thus selected from each class was in accordance with the 
approximate ratio of 1 farm for each 100 acres. In cases where there 
was more than one field on the farm, the larger field was sampled. 


Sampling of the randomly selected fields was then made according 
to a preconceived scheme. A sample consisted of 10 feet of row with 
2 samples being taken from each field, regardless of size of field, 
on each of 2 sampling dates. The 2 samples for each date were taken 
in order that some information relative to the sampling error might 
be determined. The 2 samples were located as follows: One each 
in rows 40 and 80 from the nearest corner of the field, the sample 
to start at 100 paces from the end of the field, and to end 10 feet 
down the row. When the prescribed location for either sample fell 
out of the field, a substitute location within the field was to be 
determined on some other random sample basis. No choice was per- 
mitted in locating these points of sampling. If either end of the 10- 


foot length of row fell on the center of a beet, a coin was flipped to 
determine if it were to be included or excluded. All variations in 
stand, regardless of cause, were accepted as a part of the fundamental 
concept of random sampling. 


Samples for the second sampling date were taken by going to 
the same locations as had been chosen for the first date, then skipping 
10 feet in the same row as previously sampled, and measuring off 
the next 10 feet of row for this sample. 


The first date for sampling was from September 2 to 8 and the 
second date, September 22 to 29. The estimated yields for these 2 
dates were plotted and the curve drawn through these 2 points from 
0 at the planting date and projected into October to give some basis 
for predicting the additional growth after the last sampling date. 
The error due to weak stands at the end of the row was not estimated 
on this basis, but is included with other practical discrepancies such 
as loss of beets covered with tops thrown in the field by the labor. 
There were also these other losses to be considered: Loss of beets 
in transportation to the dump; loss due to exposure after pulling, 
and piling and loss due to the labor topping some beets too low, since 
the beets taken for the samples were topped according to company 
tare standards. The total extent of these losses will be discussed 
later in this paper. It is to be assumed that differences in actual 
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mean yields of the fields sampled from the sample estimate will be 
due to considerable extent, at least, to the above mentioned sources 
of error. 


The factory stand figures at harvest were obtained in the usual 
way, through tare samples which are taken at frequent intervals for 
each contract. The beets were counted, weighed, and later calculated 
into a percentage of stand, using average weight per beet from the 
tare samples, and final tonnage delivered for the contract. 


Results 

For the 16 factory districts, 1,317 fields were sampled with 2 
samples each, or a total of 2,634 samples for each date. The mean 
percentage of stand, tons per acre, and percentage of sugar for each 
date of sampling, and the actual harvest results are presented by fac- 
tory districts in table 1. The mean pre-harvest figures for the 12 Colo- 
rado factories, 3 Nebraska factories, and 1 Wyoming factory are 
plotted in figures 1, 2, and 3, respectively. 


Perhaps the most striking observation to be made from the data 
presented in table 1 is the remarkably high correlation between the 
actual harvest results for the farms sampled and the corresponding 
factory averages. The largest discrepancies between these figures 
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Figure 1.—Mean of pre-harvest samples for the 12 Colorado factories plotted in 
a growth curve, which is projected through the mean harvest date of October 26.45, 
and which is largely hypothetical except for the two actual pre-harvest points. The 
final harvest figures for these same farms are located on this graph for the mean 
harvest date. 
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Figure 2.—Mean of pre-harvest samples for the 3 Nebraska factories plotted in a 
growth curve, which is projected through the mean harvest date of October 23.36, 
and which is largely hypothetical except for the two actua] pre-harvest points. The 
final harvest figures for these same farms are located on this graph for the mean 
harvest date. 


were: At Loveland, 5 percent in stand, 1.05 tons beets at Brush, 
and 0.23 percent sugar at both Lyman and Brighton. These factory 
variations tend to equalize out to the extent that for either of the 
Colorado or Nebraska averages, or for the average of all districts, 
the actual harvest figure for the farms sampled agrees accurately 
with the factory averages for all beets received. This high correla- 
tion is sufficient evidence that the farms chosen for pre-harvest esti- 
mates represented a nearly perfect sample of the Colorado or Ne- 
braska districts or of the entire 16 factory districts including Lovell, 
Wyoming. 


Since it has been shown that the farms chosen by random were a 
true sample, the difference between the last pre-harvest sample fig- 
ures and final harvest results can be limited to three possibilities: 


1. Errors in sampling the farms, which may in this case include 
a slight error resulting from failure to sample ends of fields. 


2. Changes in yields or percentage of sugar between the last 
pre-harvest sample and the final completion of harvest. 
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Figure 3.—Mean of pre-harvest samples for the Lovell, Wyoming, factory plotted 
in a growth curve, which is projected through the mean harvest date of October 
18.42, and which is largely hypothetical except for the two actual pre-harvest points. 
The final harvest figures for these same farms are located on this graph for the 
mean harvest date. 


3. Actual losses incident to harvest such as loss of whole beets 
in the field or along the road, lower topping by the labor than was 
used on pre-harvest samples, and from exposure during harvest. 


As will be shown later (table 2), the variance ‘‘within fields’’ 
was comparatively small, and this error would certainly tend to 
average out for all fields sampled. Furthermore, the yields for each 
factory show fairly consistent gains in yield between the two sam- 
pling dates, and the curves (figures 1, 2, and 3): indicate consistent 
and reasonable improvement in each case. The percentage-of-sugar 
change during this period between the two pre-harvest sampling dates 
is probably not as good an index for this year as yield because this 
period was very rainy, and leafspot was heavy in some areas. Both 
of these conditions are definitely unfavorable to sugar percentage in- 
erease. However, even under these conditions sugar percentage 
showed a definite, although not normal, improvement for all fac- 
tories except Brush and Ovid, where there was heavy leafspot infec- 
tion. It seems probable, for these reasons, that the averages of the 
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pre-harvest samples were quite accurate indices of the actual stand, 
yield, and percentage of sugar at the time the samples were taken. 


Because of unusual and rather general rains during the latter 
part of September, a larger than normal increment in yield, and 
smaller than normal increment in percentage of sugar would have 
been expected between the two pre-sampling harvest dates. The 
eurves (figures 1, 2; and 3) were extended, assuming about average 
improvement following the last pre-harvest sample and during har- 
vest. The final harvest averages for the farms sampled show lower 
yields for the three respective districts of Colorado (12 factories), 
Nebraska (3 factories), and Wyoming (1 factory) of 1.32, 0.9, and 
3.32 tons per acre than was obtained for the second pre-harvest 
estimate. The hypothetical graphic projection of the yield curves 
through harvest would increase these apparent losses in yield to about 
2.32, 1.74, and 3.99 tons per acre for these respective districts, this 
increment in yield being entirely reasonable and expected since 
growing conditions were relatively favorable well into the harvest 
period. 


During the harvest period, conditions favorable to sugar storage 
improved with much reduced precipitation, and the increase in sugar 
percentage was probably better than average with apparent in- 
creases of 2.03, 1.85, and 1.45, respectively, for Colorado, Nebraska, 
and Wyoming districts, between the last sampling date and the final 
factory harvest. 


In stand, there appears to have been a loss of about 2 to 3 per- 
cent between the first and second pre-harvest estimates, and from 10 
to 12 percent between the second pre-harvest estimate and the final 
harvest figures. We have no explanation for the small apparent loss 
in stand between the two pre-harvest dates. The loss from the pre- 
harvest to final stand figures can be accounted for principally in 
small beets which were left in the field or went through the piler 
screens, and in beets of marketable size which were carelessly covered 
up or otherwise left in the field, or which fell from the trucks in 
delivery, as previously mentioned in connection with losses in yield. 
This difference in stand will probably hold fairly consistent from 
year to year. 


The analysis of variance was made for all factory districts for 
both dates of sampling with the mean squares for yield being given 
in table 2. Analysis of variance was nof made on percentage of sugar, 
since it is known that this character is considerably less variable 
than yield. 
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Table 2.—Mean squares for yield, all factory districts. 





Mean Squares 








Classes Between fields F Within fields 
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Factory district df date date date date date 
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2.06 4.42 
1.23 0.63 
688 12.39 
0.57 6.21 
454 12.02 
3.25 3.15 
2.17 1.51 
2.71 2.69 
3.60 1.29 
4.66 4.15 
5.08 4.90 
3.64 1.04 
4.48 3.26 
3.61 4.20 
2.75 2.45 
O51 0.50 


90.30 . 23.43 32.96 
178.44 - 30.18 39.90 
45.05 36 29.76 37.34 
50.86 - é 28.56 25.59 
10.11 1: g 27.66 22.47 
197.77 6. H 23.72 27.61 
50.02 - 15.74 18.82 
144.79 3. 31.57 32.62 
110.94 x 24.82 32.50 
81.52 . 25.56 26.92 
108.61 . : 23.23 18.88 
75.26 36.8: 24.42 31.36 
48.65 BS 22.07 27.89 
103.41 85.2 27.68 34.50 
61.96 3.18 b 18.56 31.33 
147.56 . ? 32.70 


Bayard, Nebr. 
Lyman, Nebr. 
Mitchell, Nebr. 
Brighton, Colo. 
Brush, Colo. 
Eaton, Colo. 

Ft. Collins, Colo. 
Ft. Lupton, Colo. 
Ft. Morgan, Colo. 
Greeley, Colo. 
Longmont, Colo. 
Loveland, Colo. 
Ovid, Colo. 
Sterling, Colo. 
Windsor, Colo. 
Lovell, Wyo. 
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- 
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Aa 


zz 





General mea n- "94.64 I 29.59 


3.24 4.05 


These results show a considerable difference in the effectiveness 
of the stratification or division into classes, with one exception, how- 
ever, the mean squares for yield are large enough to justify the strati- 
fication. This fact is borne out by a general mean for ‘‘classes’’ for 
all districts compared with the mean for ‘‘between fields.’’ In the 
ease of Brush, Colorado, there was an actual loss in precision due to 
stratification, if we would arbitrarily assume that all samples had 
been randomly chosen without stratification, in which case the mean 
squares for ‘‘between fields’? would have been 26.51 and 20.82 in- 
stead of 27.66 and 22.47 for the two respective dates. 


A numerical estimate of the efficiency of stratification may be 
accomplished in the following manner, using Bayard, Nebraska, for 
example: 

4 (89.96) + 80 (32.96) 
= 35.67. The relative efficiency of the 





84 
stratified to an unstratified sample is 35.67 
= 108.16 percent. 
32.96 , 


If stratification had not been employed it would have been necessary 
to sample 8 percent more farms to maintain the same degree of ac- 
curacy as was obtained through stratification. The estimate, 35.67, 
is positively biased, but the bias is so small that for practical pur- 
poses it can be neglected, except in small samples. 
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Using this method of estimation, the relative efficiency of strati- 
fication for the various factory districts is as follows: 
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As a mean of all factory districts, stratification resulted in an 
increase of 12.25 percent in relative efficiency. 


A comparison of the variation ‘‘between fields’’ and ‘‘within 
fields’? shows that very little was gained by taking 2 samples per 
field since the mean squares for ‘‘within fields’’ were generally much 
smaller than for ‘‘between fields.’’ If we consider the two variances 
for the general mean of the later sampling date, making the assump- 
tions that the same variation exists between other fields as between 
those sampled, and that the sampling variance would be doubled 
with 1 sample per field instead of 2, we would have (29.59—4.05) 
+(2) (4.05) or 33.64 for the variance ‘‘ between fields.’’ This is an 
increase of 14 percent, which means that the number of fields would 
need to be increased only 14 percent to secure the same precision 
with 1 sample per field as was obtained in this study using 2 sam- 
ples per field. Or, stating it another way, 1 sample from each of 
114 fields will result in the same degree of accuracy as 2 samples from 
each of 100 fields. At the same time the number of samples would 
be reduced from 200 to 114, or 86 samples. In other words, we 
would need to sample, on the basis of 2 samples per field 75.4 percent 
as many fields as with 1 sample per field but with 1 sample per 
field only 57.0 percent as many total samples as with 2 samples per 
field, maintaining the same level of precision. 


Another striking fact apparent from table 2 is the generally 
larger variance ‘‘between fields’’ for the second date of sampling. 
Three factories, Brighton, Brush, and Longmont, Colorado, are the 
only ones showing a smaller variance for the later date. This larger 
variance is to be expected, especially in a year characterized by soil 
moisture and temperatures favorable to late-fall development, such 
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as obtained in these areas in the fall of 1941. Under these conditions 
some fields which have been largely depleted of available soil fertility 
will show early signs of so-called maturity, while others better sup- 
plied with fertility will continue to show vigorous later growth, thus 
inereasing the spread between the low and high-yielding fields. 


The precision of the results obtained, together with the number 
of fields necessary to attain fiducial limits of from X+0.5 ton per 
acre to X+2.5 tons per acre, are presented in table 3. 


This table is presented for the later sampling, since it is evident 
from the mean squares in table 2 that more variation generally exists 
at this time than for the earlier sampling. Future consideration of 
rates of sampling should be based on the data for the later sampling. 
The means for the first sampling date are presented merely for pur- 
poses of comparison. Considering all factory districts, the average 
sampling precision of these tests was slightly more than X+1.5 tons 
per acre. 


From the experience gained in conducting this test there are 
certain changes which might be made advantageously. 


1. A geographic stratification by fieldman territories might be 
more practical than the one used which was based on 3-year previous 


yield records. 


2. If contracts smaller than 5 acres in size are included, it is 
recommended that a sub-stratification based on contract acreage be 
made within geographic classes. This will have the effect of weight- 
ing the results on the basis of acreage. 


3. Take but one sample per field, and determine the number 
of fields to sample based on the precision level desired. 


Summary and Conclusions 


This study was conducted using random-sampling technique, 
with 2 arbitrarily chosen samples per farm and with the farms chosen 
within strata based on 3-year previous yield records. One farm per 
each 100 acres in commercial beets was the basis used for sampling, 
the study being conducted for all 12 factory districts in Colorado, 
3 of the Nebraska factory districts, and the Lovell, Wyoming, district. 
The most significant findings and conclusions are as follows: 


1. The farms chosen proved to be almost perfect samples for 
the Colorado and Nebraska districts and also for the Lovell factory 
district as was indicated by the fact that the average harvested stands, 
yields, ard percentage of sugar for the farms sampled almost dupli- 
cated the corresponding final factory averages. 
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2. The results indicate for this year a large increase in per- 
centage of sugar and striking losses in final delivered-per-acre yields 
from the percentage of sugar and total tonnage indicated by the pre- 
harvest samples. Sources of probable loss are explained both for ton- 
nage and for stand. 


3. The stratification, which was based on previous 3-year yield 
records, proved effective for all but one factory district. 


4. The variance between the 2 samples per field was small, and 
it is shown that by increasing the number of fields 14 percent, the 
total number of samples could be reduced to 75.4 percent of the num- 
ber taken this year with the same level of precision resulting. On 
the basis of 1 sample per field (or farm), 1 field per 102 acres 
would result in a sampling precision of 1.5 tons per acre, this being 
based on the 5-pereent point level. 


5. The necessary number of fields with 1 or 2 samples per field 
was calculated for each factory district for sampling precision levels 
of +0.5 to +2.5 tons per acre. 


6. Suggestions are made for changes in future studies to in- 
elude: (a) Geographic stratification, (b) using a sub-stratification 
based on contract acreage if contracts or farms of less than 5 acres 
are to be sampled, and (c) taking only 1 sample per field. 


7. This method of sampling appears to give an accurate esti- 
mate of the condition of the crop at the time of sampling. The pre- 
diction from the last sampling date to final harvest figures should 
become increasingly precise, as accurate pre-harvest estimates are 
accumulated over a period of years, and the source of errors in this 
estimate become more fully recognized. 
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Relative Yields of Reduced Stands of Sugar 
Beets Planted at a Normal Date and of 
Replanted Sugar Beets 


G, W. DemMING! 


Each year as the time for thinning the sugar-beet crop ap- 
proaches, there are usually some fields in which the initial stands are 
so poor that good stands of thinned plants can not be obtained. Ad- 
verse weather conditions which have favored seedling diseases, poor- 
ly prepared seedbeds, seedings made at too light a rate, or some com- 
bination of these factors are usually responsible for the condition. 
Whatever the cause, the grower is faced with the necessity of decid- 
ing what is to be done. 

The alternatives are: (1) To attempt by careful thinning to 
save as many properly spaced plants as possible, (2) to replant the 
field with sugar beets, or (3) to abandon the sugar-beet crop for the 
year and plant some other crop in the field. Information on the rela- 
tive yields which can be expected from reduced stands of sugar beets 
which have been planted early or medium early as contrasted with the 
yields obtainable from late plantings may aid in makjng decisions in 
such situations. 

Certain experiments conducted at Fort Collins, Colorado, by the 
Bureau of Plant Industry, United States Department of Agricul- 
ture, in cooperation with the Colorado Agricultural Experiment Sta- 
tion, have given information applicable to the problems involved. 
One series of tests, conducted in 1937, 1938, and 1939, dealt with 
the effects of varying populations, per unit area, on yield. In a 
second series of tests, conducted in 1938 and 1939, the yields of full 
stands of normal and late plantings were obtained. In 1941 a third 
series of tests, combining the factors in series one and two, was started 
in which the yields of 4 levels of plant population of normal plant- 
ing date are compared with the yield from a reasonably full stand 
obtained in a late planting. This paper reports only the results from 
the first year of the test and is therefore in the nature of a progress 
report. It is expected that the test will be conducted for several 
additional seasons. 

In the first series of experiments involving variable plant popu- 
lations, an excellent initial stand was first thinned according to a 
randomized-plot arrangement to 8-, 12-, and 16-inch spacings in the 
rows. Following this thinning, one-third of the plots of each spacing 


1Assistant Agronomist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture. Note: Agronomic investigations are 
cooperative with the Colorado Agricultural Experiment Station. 
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type was left as thinned, one-third of the plots was reduced to 70- 
percent stands, and the other third of the plots was reduced to 40- 
percent stands of the respective spacings. These reductions in stand 
were made by cutting out plants in each row at random. Thus, each 
row and each plot of the 70 and 40-percent stands contained the ap- 
propriate number of plants, but the plants were not uniformly spaced 
and the stand of any short section of any row might vary from a 
full stand for the spacing to a complete blank. The following dia- 
grams are representative of the actual spacings obtained on the plots 
with reduced stands. Sugar-beet plants are represented by X and 
blanks are represented by a space. 


Figure 1.—Diagrams of plots 184 and 210 representing 70-percent and 40-percent 
stands, respectively. Plants left in place are shown by X; blanks indicate 
plants removed, at random, to establish the particular stand relationship 


, Plot 184, 12-inch spacing, 70-percent stand. 

XXXX X X X XXXXXX XX X XX X XXXXNXXXXXXXXXX XX 
XXXX XXX XXX XXXX XXXXX X XX XXXX XXXXXXXXX xX 
XX XXX XXXXXXXXX XX X XXX XX X XXXX XXXXXXXX 
XXXX XXXXXX XXXXX XXXX X XX XXXXXXX X XX X XXX 
Xx x XXXXXXX XX X XXXXXXXXX XXXXXX X X XX XXX X 
X XXXXX XXXX XXXXX XXXXXX XXX XX XXXXX X X XXX 
XX XXXXX XXXXXXX X X XXX XXXXX XXX XXX X XXX X 
XXXXX XXXXXX X X X XXXXX XXXXXX XX XXXXX XXXX 


Plot 210, 12-inch spacing, 40-percent stand. 
xX = & x XX X X XXX X XX X XXX 
X XX XXXX X Xx XXX X xx X XX 
x XX X x XX XXX X XXXXXXX 
x xX ana 2S Oe XXX X XX xX xx 
XXXXXXX XXXX x xX XX XX XX 
x x XX XXX XX XX X X XX XX X 
XXX X a 2 x xx XXXXXXXXX X 
XxX aa 2 ae OS XX X XXXXX 


These treatments resulted in plant populations varying, as an 
average from as few as about 30 plants per 100 feet of row in the 
ease of the 40-percent stand of the 16-inch spacings to about 140 
plants per 100 feet of row when the 8-inch spacings were left as 
originally thinned. Results in each of the 3 years of this test were 
very similar and the 9 plot averages of each treatment in each year 
of the test are given in the following summary as the 3-year average 
of averages. 


Although the stands as originally thinned are called full stands, 
they were, of course, pot perfect stands for the space interval chosen. 
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As an average, they were 91.1, 95.3, and 97.3 percent of complete 
stands for 8-, 12-, and 16-inch spacings, respectively, and certainly 
approximate the best stands obtainable in the field for the respective 
spacings. 

When the stands were uniform, as with the full stands for the 3 
spacing patterns, and there were very few skips in the rows, the dif- 
ferences in yield were very small, irrespective of whether 72, 95, or 
137 plants were left for 100 feet of row. When 30 percent of each 
row was blank, that is 70-percent stands, there was little difference 
in yield from averages of about 71 and 104 beets per 100 feet of row, 
and also only a relatively small reduction in yield in comparison 
with the full stands of 72, 95, and 137 beets per 100 feet of row as 
indicated for the 12-inch, 16-inch, and 8-inch spacings, respectively. 
However, when the 16-inch spacings were reduced to 70-percent 
stands, corresponding to an average of 53 beets per 100 feet of row, 
an appreciable loss in yield resulted. In the 40-percent stands for 
the various spacings, there was a marked reduction in yield. The 
decline in yield increased as the number of beets per 100 feet of row 
dropped from an average of 61 to an average of 31. 


Table 1.—Effect of stand on acre-yields of roots and sugar and on sucrose percentage 
of sugar beets grown in 16-inch, 12-inch, and 8-inch spacings. (Tests made 
at Fort Collins, Colo., 1937, 1938, and 1939, with results given as 3-year av- 
erages). 


Type of 


‘Acre-yield 


stand harvested in ~ Gross 
sought Spacing 100 feet of row sugar Roots Sucrose 


No. of roots 


pounds tons percentage 

Full 16-inch 72.0 4,650 16.33 14.22 
Full 12-inch 95.3 4,715 16.55 14.15 
Full 8-inch 136.7 4,636 16.20 14.14 
70 percent 16-inch 53.3 4,177 14.84 14.00 
70 percent 2-inch 70.7 4,546 15.91 14.19 
70 percent 8-inch 103.7 4,447 15.61 14,13 
40 percent 16-inch 31.0 3,182 11.67 

40 percent 12-inch ‘ 3, 12.92 

40 percent 8-inch d 3, 13.85 


Difference required for 
significance’ 0.61 





“1For odds of 19 to 1. 


Under the conditions of these tests, the differences in yield were 
small when the minimum space between the beets was 8 inches and 
the plant population varied from about 70 to about 140 beets per 
100 feet of row. All stands of less than about 70 beets per 100 feet 
of row produced yields lower than the yields from any of the stands 
in excess of about 70 beets per 100 feet of row. 


The yield of 11.67 tons of roots and 3,182 pounds gross sugar per 
acre from an average of 31 beets per 100 feet of row is of importance 
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with respect to the question of the minimum stand which may be 
necessary. In these tests, the average of 31 beets per 100 feet of row 
is only 44 of the full stand for the 12-inch spacing and less than 44 
of the full stand for the 16-inch spacing which produced the highest 
yields in the test; yet, in these tests, the yield even with such a re- 
duced stand was about 70 percent of the highest yield from any stand. 


When stands are thin, a somewhat lower sucrose percentage com- 
monly is obtained and these tests show no exception to this rule. How- 
ever, in this case, the reduction in sucrose percentage was not very 
great, except in the cases of the 2 lowest stands, 41 and 31 beets 
per 100 feet of row. 


In 1938 and 1939, planting-date tests were conducted. In each 
year, these were located immediately adjacent to the stand tests. 
March, April, and May plantings were compared. The April plant- 
ing is considered timely for this district; the stand test was planted 
the same day as the April planting of the date-of-planting test. Ap- 
parently because of soil variability the general level of yields in the 
date-of-planting test was slightly higher than in the stand test. Even 
when stands were comparable, the yields were probably not strictly 
comparable between these tests. Data from the early (approximately 
April 20) planting and the late (May 17) planting are given in table 
2. The variety is the same as that used in the stand test. 


Table 2.—Comparison of acre-yields and sucrose percentages of early, timely plant- 
ings with those obtained from late plantings. (Tests made at Fort Collins, 
Colo., 1938 and 1939 with results given as 4-plot averages). 





No. of beets Acre-yield 
harvested per Gross 
Planting Spacing 100 feet of row sugar Roots Secrese 








pounds tons percentage 
Early, timely 
(1938) 10-inch 117 5,399 18.04 14.96 
Early, timely 
(1939) 12-inch 93 18.68 17.15 





Average 105 5,884 18.36 16.06 


Late (1938) 10-inch 3,637 12.47 14.58 
Late (1939) 12-inch 93 4,180 11.90 17.56 





Average 106 3,909 12.18 16.07 





Since 10-inch spacing was used in 1938 and 12-inch spacing was 
used in 1939, it is evident that excellent and comparable stands were 
obtained in each year of test. The stands obtained on the May 17 
plantings were particularly good in view of the difficulty often en- 
countered in getting a good stand from late plantings in the Fort 
Collins district. In both 1938 and 1939 a heavy loss in yield resulted 
when planting was delayed to mid-May. In 1938 the yield in gross 
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sugar from the May planting was just over 2% of the yield from the 
earlier, timely planting. In 1939 a similar comparison shows the May 
planting to be just under % of the earlier, timely planting. 


From the 2 series of tests which have been outlined, it appears 
that it would be more profitable to save a field of early planted 
beets having even less than half of a stand than to replant as late 
as mid-May. However, in many cases in which fields are to be re- 
planted, the reseedings could be made somewhat earlier than the date 
of the late planting in the above test. 

To test further the relative yields from reduced stands of earlier 
and timely planted sugar beets and the yields obtainable from plant- 
ings made later and comparable to ordinary dates of replantings, a 
test combining these treatments was conducted in 1941. In this test, 
the five treatments were as follows: (1) Timely planting, with the 
best obtainable stand approximating 100 beets per 100 feet of row; 
(2) timely planting with stand reduced to approximately 70 beets 
per 100 feet of row; (3) timely planting with stand reduced to ap- 
proximately 50 beets per 100 feet of row; (4) timely planting with 
stand reduced to approximately 30 beets per 100 feet of row, and 
(5) timely planting with original seeding cultivated out, and re- 
planted at a date approximating a replanting date as determined 
by conditions for the year. 

The test was arranged as a 5x5 Latin square. The plots were 8 
rows wide and 90 feet long, the inside 4 rows being harvested. A 
planting date of April 11 was considered as timely for the conditions. 
Replanting was made May 13, which coincides closely with the re- 
planting of a considerable acreage of sugar beets in this part of the 
State on which the earlier plantings were destroyed by a severe hail- 
storm on the evening of May 10. Excellent stands were obtained on 
all plots of the timely plantings and very good to excellent stands on 
each of the 5 replanted plots. The test was harvested November 4. 
Although fairly high-root yields were obtained, the quality was rela- 
tively low because weather conditions during the fall of 1941 were 
unfavorable for the production of beets with a high-sucrose percent- 
age. A moderately severe attack of leafspot developed in September. 
The attack appeared to be most severe on the heavier stands in the 
plots of timely planted beets and least severe on the replanted plots. 
In this region, late-planted sugar beets frequently show a higher- 
sucrose percentage than early planted sugar beets. This difference 
in favor of the replanted beets in 1941 was somewhat greater than 
usual. A summary of the 1941 test of replanted versus timely plant- 
ed beets is given in table 3. 

Under the conditions of this test, fhe yield of roots from replant- 
ing exceeded the yield from a stand of approximately 31 beets per 
100 feet of row of timely planting by 2.44 tons per acre, a difference 
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which is probably highly significant. The replanting, with its full 
stand, was exceeded in yield by normally planted beets with stands 
of approximately 50, 70 and 100 plants per 100 feet of row by 0.19, 
1.68, and 3.41 tons of roots, respectively. The difference between the 
full stand in the replanted and the half stand in the earlier-planted 
plots is certainly not significant. On the basis of this test the yield 
of roots from a timely planting in which about 50 plants are saved 
on most 100-foot sections of row would at least equal the root yields 
that could be obtained by replanting. 


Table 3.—Results obtained from early, timely planted plots using 4 types of stand 
as contrasted with results obtained from full stands in replanted plots. 
(Test made at Fort Collins, Colo., 1941 with results given as 5-plot averages) 





No. of roots 
harvested per Gross 
Treatment 100 feet of row sugar Roots Sucrose 


Acre-yield 


pounds tons percentage 
Timely planting, full stand 99.9 3,668 16.25 11.27 
do. , 70% stand 704 3,256 14.52 11.20 
do. , 50% stand 50.9 2,767 13.03 10.63 
do. , 30% stand 30.9 2,053 10.40 9.82 
Replanted , full stand 98.4 3,303 12.84 12.82 








General Mean oo 3,008 13.41 11.15 
F value’ — 26.39** 46.27** 13.97** 
Difference required 

for significance* = 343 0.90 0.83 





1Pouble asterisks indicate F value exceeds the 1-percent point. 
*For odds of 19 to 1. 


Sucrose percentage in the replanted beets exceeded sucrose per- 
centage in the timely planted beets by 3.00, 2.19, 1.62 and 1.55 for 
the 30, 50, 70 and 100 plants per 100 feet of row, respectively. 


Acre-yield of gross sugar from the full stand obtained by re- 
planting exceeded that from reduced stands in the earlier, timely 
planting by 536 pounds for the 50-percent stand and 47 pounds for 
the 70-percent stand. The larger of these differences appears to be 
highly significant. 


On the basis of the 1941 tests, no increase in sugar production 
would have been obtained from replanting if 70-percent stands could 
have been saved in this field on the majority of 100-foot row sections. 
In these tests, the data indicate that no increase in root yield would 
have come from replanting if the stands which could have been saved 
were as great as 50 percent on most 100-foot row sections. However, 
because replanted beets in this test showed higher-sucrose percent- 
age, the acre-yield of sugar was significantly greater in the replants 
than was obtained from the 50-percent stands of the earlier-planting 
date. 





How Cooperative Activities of Sugar Com- 
panies, Agricultural College, and Beet 
Growers Function in the Farmers 
and Manufacturers Beet 

Sugar Association 


M. J, BuscHLEN! 


The Farmers and Manufacturers Beet-Sugar Association was 
founded in order to promote and insure cooperation and goodwill 
among three distinct groups: The public, the beet growers, and the 
beet-sugar processors. Just as various cooperative bureaus have been 
established during our present national emergency to utilize and co- 
ordinate the forces and resources of our Nation, thus the association 
was created as a result of the industry’s emergency—the depression 
of the early thirties. 


Our organization consists of four major departments: The Leg- 
islative which deals primarily with legislation relating to sugar beets; 
the Educeational-Advertising which is responsible for public represen- 


tation ; the office of the Growers’ Field Secretary, and the Agricul- 
tural Department, the activities of which will be discussed in this 
paper. Each of the above, distinct within itself, is inter-related. 
However, this paper will present only the activities of the agricul- 
tural department. 


To understand the far-reaching extent of the agricultural pro- 
gram and its cooperative functions, we shall discuss each of the activi- 
ties as a separate unit or phase. I believe that one of the best ways 
to show the inter-relationship of the sugar companies, agricultural 
colleges, and beet growers is to illustrate, by example, some of the 
projects which are conducted jointly to the mutual benefit of all 
concerned. 


One of the first projects which was undertaken was to make an 
extensive survey of all farm practices which were and are being em- 
ployed by the beet growers in the production of the sugar-beet crop. 
The fieldmen of the various sugar companies collected information 
over a period of 3 years from every farm in the area which included 
such items as: Type of soil on which the beet crop was being grown, 
the cropping history of the field, the amount of manure (barnyard 
and green) and fertilizer used, the time and rate of seeding, the time 


‘Agricultural Supervisor, Farmers and Manufacturers Beet Sugar Association, 
Saginaw, Michigan. 
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of blocking, thinning, and frequency of cultivations. A count was 
made of the plant population per acre and note made of the disease 
and pest troubles. This information was combined with the yields 
from these fields. 


The farm management department of the Michigan Agricul- 
tural College made an intensive study on 279 farms of the cost of 
raising sugar beets and the relationship of each farm practice as it 
influenced yield per acre. 


The summary of this report revealed that certain agricultural 
practices which were being followed could be improved to reduce the 
cost of raising a crop of beets and consequently to increase the net 
return per acre from this crop. 


A combined summary of the extensive study conducted by the 
Association and the intensive report of the agricultural college formed 
the basis for many constructive suggestions to the beet growers of the 
eastern area. This information was made available through publi- 
cation in the Sugar Beet Journal, many farm magazines, and most 
effectively by a discussion of this summary in group meetings of 
farmers throughout the territory. 


One of the most effective means which we have found to dis- 
seminate this information is through the use of moving pictures. 
With the help of the agricultural colleges in Ohio and Michigan, 
several films have been produced showing the benefits to be derived 
from following the improved agricultural practices which have been 
discovered through experimentation and demonstrational plots. These 
films show actual experiences of the farmers themselves. 


The United States Department of Agriculture through their per- 
sonal representatives and also in cooperation with the experiment 
stations has been developing, testing, and demonstrating new and 
improved types of sugar-beet seed. The Beet-Sugar Association has 
cooperated in this work by providing the land and facilities for carry- 
ing out extensive tests of these new and improved types of beet seed 
produced by the United States Department of Agriculture and the 
several experiment stations. In many cases the farmers have taken 
small quantities of the seed, planted it in their regular fields, cared 
for it in the same manner as the regular commercial crop, and then 
have taken the time to harvest accurately and to record the results 
of the performance of these new and improved varieties. 


Then, too, the Eastern Seed Committee of the Farmers and Man- 
ufacturers Beet-Sugar Association has been responsible for securing 
on an organized basis an adequate supply of seed for eastern growers. 
Over 2,000,000 pounds of seed were grown in 1941 for the eastern 
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account by western seed producers. Not only has the effort of this 
group assured the eastern sugar-beet farmer of an adequate supply 
of seed, but the proper kind of seed has been provided. Variety tests 
have been conducted since 1935; the best seed for the eastern area has 
been selected from 30 to 40 varieties. 


A summary of all of these seed studies has formed the basis for 
the selection of the varieties of seed which we are now producing in 
commercial quantities by the overwintering method for use in the 
eastern area. 

For a number of years the agricultural colleges have been making 
a study of the proper kinds and amounts of fertilizers which can be 
profitably used on the sugar-beet crop. The Beet-Sugar Association 
and its several member companies have been instrumental in inducing 
the farmers of the area to use the proper kind of fertilizer in increas- 
ing quantities. By admission of the farmers themselves, this in- 
ereased use of the proper kind and amount of fertilizer has had a 
tendency to increase the net return per acre from the sugar-beet crop. 


The agricultural colleges have also been studying the use of cer- 
tain minor elements in relation to the production of the sugar-beet 
crop. The extension specialists have carried this information to the 
farmers of the eastern area. In many instances the use of small 
quantities of boron, copper sulfate and a few other minor elements 
have proved to be extremely profitable to the farmers of this area. 


Periodieally, the agricultural colleges publish up-to-date bulle- 
tins containing the latest information relative to a profitable pro- 
duetion of the sugar-beet crop. These are distributed to each beet 
grower in the eastern area. 


One of the accomplishments has been research in soil organic 
matter. In 1938, through the suggestion of the agricultural depart- 
ment of the Farmers and Manufacturers Beet-Sugar Association, 
the three Ohio processors established a research fellowship with the 
Ohio Agricultural Experiment Station. Since the basic need was 
a study of the productive capacity of the soil itself in relation to the 
production of sugar beets, the experiment station was asked to se- 
eure a man who could accomplish the work. The particular research 
problem chosen was ‘‘A Study of the Effect of Soil Structure on the 
Production of Sugar Beets on Clay Soils.’’ The selection of this 
problem was made because the common experience of beet growers 
on clay soils has indicated that the growth of sugar beets is better 
during those seasons when the tilth of the soil seems most manage- 
able. 


The two main questions to be answered by the investigation were: 
(1) What are the most desirable air and water relationships for maxi- 
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mum beet production on the clay soils of northwestern Ohio, and 
(2) What practical methods may be used for obtaining and preserv- 
ing a favorable soil structure which will make these desirable air- 
water relationships possible? 


It has been determined that (1) much of the heavier soils in 
northwestern Ohio have deteriorated in structure after years of con- 
tinuous cropping, during which time very little organic matter has 
been returned to the soil; (2) that the deterioration has been a lim- 
iting factor to beet yields in late years, since with sugar beets, where 
the root itself is the crop, the physical condition of the soil is of the 
utmost importance; (3) that the restoration of suitable soil structure 
is a question of the application of corrective steps covering not a 
period of but 1 or 2 years, but of several years, and (4) that while 
further study may reveal exactly what the beet-producing farmer 
might do to improve yields, it is evident now that organic matter 
such as crop residues, manure, and green manure crops will help 
greatly. 


These findings are definitely a good beginning. A continuation 
of the test will undoubtedly be far reaching, for what is learned here 
is basic as regards soils and conceivably has wide application. 


Another accomplishment of the agricultural program of the east- 
ern beet-sugar industry is the establishment of a cooperative com- 
mittee of representatives of Michigan State College and the industry, 
which has encouraged the inclusion of sugar beets as one of the ma- 
jor muck-crop studies at Michigan State College, where formerly 
they were minor, and which established an extensive crop-rotation 
study in cooperation with the Michigan Experiment Station. 


From the detailed study of sugar beets on muck, advanced fer- 
tilization methods have been evolved. It has been found that appli- 
cation of ordinary salt in combination with proper fertilizer gives 
marked increases in yields. This principle is capable of wide appli- 
cation, since a considerable part of the beet acreage in the East is on 
muck land. 


From the crop-rotation study specialists hope to learn the role 
of legumes in the sugar-beet rotation, which crops should immediate- 
ly precede the beet crop, and the answer to many other problems 
which cannot now be solved from experimental data at hand. 


The cooperative committee was also responsible for inducing the 
college agricultural engineering department to work on sugar-beet 
machinery. 


The agricultural colleges in Michigan and Ohio set aside 1 week 
each winter to be known as ‘‘Farmers’ Week.’’ Every phase of ag- 
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ricultural production is discussed in the light of the newest and best- 
known practices. Each of these colleges has set aside 1 day of the 
week which is devoted entirely to a discussion of sugar-beet problems. 
The farmers of the State may listen to the regularly scheduled for- 
mal discussion, and participate in round-table discussions of certain 
problems. The sugar industry is given an opportunity to present its 
views in relation to the production of the sugar-beet crop. Farmer 
representatives are also given an opportunity to present their views 
of the situation. 


Through these meetings the various groups who are working on 
agricultural problems have been able to realize the needs and desires 
of each group. 


Some years ago leafspot became a serious problem in the eastern 
area. To overcome this menace, work went ahead in two fronts: The 
development of blight-resistant seed varieties and the control of 
blight by dusting and spraying of existing varieties. The farmers 
and the sugar industry of the eastern area were all interested in 
having a study made on how to control leafspot by dusting and spray- 
ing. Again the agricultural colleges were called upon to supply the 
technical information on how to proceed with a solution of this prob- 
lem. The farmers provided the beet fields, and the industry through 
the Association provided a portion of the finance to carry on this 
work. As a result of this work on dusting and spraying, suitable for- 
mulas have been developed. Through cooperation of the machinery 
manufacturers, machines were perfected to make the proper applica- 
tion of the material. Now commercial-scale dusting is an acecom- 
plished fact. 


A cooperative program such as has been started in the eastern 
area is only possible when all parties concerned are willing to accept 
suggestions from the other and to proceed with a unified thought in 
mind. 





A Study of Sugar-Beet Growth—Years 1921 
to 1928 and 1938 to 1941, Inclusive 


A. W. SKUDERNA AND C. W. Doxtator! 


Rate of Development Studies 1921 to 1928 


Weekly samplings of sugar beets have been in progress for many 
years, both in the United States and abroad. In general, the pri- 
mary purpose of such studies has been to determine the rate of de- 
velopment of the crop, and the peak in sucrose percentage. In some 
of the areas where leafspot is a factor of major importance, the ob- 
ject of these sampling studies has also been to study the effects of 
leafspot upon the variety or varieties of sugar beets under test, and 
to determine the length of period required for the variety to outgrow 
the effects of leafspot attack. This probably was more important in 
previous years when leafspot-resistant varieties were not generally 
available. However, even with present varieties, it is still important 
to know the rate of development so that judgment may be formed 
as to whether a field severely affected with leafspot should be among 
those early harvested, or whether harvest should be delayed until 
later in the season when partial or full recovery from leafspot attack 
has been made. 


Ar 8-year study of this problem was made at Rocky Ford, Colo- 
rado, during the years 1921 to 1928, inclusive. In these studies, the 
development of the crop was observed by weekly periods from time 
of thinning until harvest. The plots were systematically replicated 
in 3 series, and 20 beet samples were taken consecutively in the row 
from the upper, middle, and lower sections of the field to obtain a 
fair sampling of the field. Allowance was made for skips in stand 
by not harvesting the beet immediately adjacent to the missing beet. 
The spacing interval used was 12 inches in the row between beets. 
A European brand of intermediate type was used for the first 3-year 
study ; the Flat Foliage variety, a sugar type developed by the Ameri- 
ean Beet-Sugar Company, was used in the remaining 5 years of the 
sampling study. The percentage of sucrose in the beet was deter- 
mined by the Sachs-Le Docte cold-water digestion method. The 
yearly results for the 8-year test are shown in table 1. 


*Skuderna, A. W. and Doxtator, C. W., Manager and Plant Breeder, respectively, 
Beet Seed Operations, American Crystal Sugar Company. 
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Table 1.—Tons beets, percentage sucrose, and sugar-per-acre yield resulting from 
weekly sampling studies—-(Rocky Ford, Colo., 1921-1928, inclusive.) 





~-*«4g2a—=t«d@22_~s:«éd92Be.s«édA «= s«s192GH.-—«iB= «QT ~=s«1928 Average 








Tons beets 
per acre 13.28 10.40 16.32 11.25 12.24 14.84 12.77 14.26 13.17 


Percentage 
sucrose 14.81 14.92 1405 17.99 14.56 16.77 16.06 16.20 15.67 


Pounds sugar 
3934 3103 4586 4048 3564 4977 4102 4620 4127 





Discussion 

Tons Beets per Acre.—For the 8-year period, an average yield 
of 13.17 tons beets per acre was obtained. In the 3 years, 1921, 1922, 
and 1925, leafspot incidence was heavy and damage to the crop con- 
siderable. In 1923 the effects of leafspot were overcome by heavy 
rainfall which increased tonnage-beet yield to record heights. In 
1924 there was a virtual absence of leafspot, but water shortage re- 
duced tonnage yield to subnormal levels. In 1926, another year of 
slight damage from leafspot, the yield was better than average. In 
1927 leafspot development was late, and to that extent appreciably re- 
duced tonnage yield of beets. The season 1928 was the reverse of the 
preceding year. Leafspot developed early, but the hot dry weather in 
the fall months reduced materially injury to beet yield. 


Percentage Sucrose.—The average value of 15.67 percent sucrose 
was undoubtedly increased by the use of the Flat Foliage sugar-type 
variety during the last 5 years of test. However, this variety was 
only slightly resistant to leafspot, since no critical attempt was made 
to inerease its resistance other than through staking large numbers 
of less-susceptible beets and mass increasing the highest-testing pop- 
ulation. It is worthy of note that the higher-sucrose values were ob- 
tained in years when leafspot was either absent or relatively light 
in incidence. 


Pounds Sugar-per-Acre Yield.—The yields of sugar per acre 
generally followed the beet-tonnage yield. With exception of 1923, 
when the yield of sugar per acre was high because of the largest 
beet-tonnage yield during this period of test, and in 1925 where leaf- 
spot incidence was heavy, the larger sugar-per-acre yields were ob- 
tained from the use of the Flat Foliage variety. 


Of interest is the average weekly development rate in tonnage 
yield, percentage sucrose, and pounds sugar per acre. The data as 
shown in table 2 are an average of 72 determinations or 1,480 beets 
for each reading. 

Discussion 

From the study of the 8-year average results over a 24-week pe- 

riod, it is evident that with minor exceptions, the tonnage develop- 
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Table 2.—Rate of development studies with sugar beets. (Increments in tons beets, 
percentage sucrose, and pounds sugar per acre, by weeks, years 1921-1928, inclu- 





sive). 
Weeks Tons beets Percentage sucrose Pounds sugar per acre 
accumulated accumulated accumulated 


after 
Total Rate Total Rate 


Month planting Total Rate 


June Ss 10 10 5.90 5.90 11.80 11.80 
9 16 06 6.02 12 19.26 7.46 

10 26 10 ¥ 22 32.45 13.19 

July 11 4 18 49 59.22 26.77 
12 87 23 ° 1.06 104.39 45.17 

13 96 .29 . 1.09 170.50 66.11 

14 1.33 37 1.14 266.53 96.08 

August 15 1.74 Al . ‘ 381.41 114.88 
2.27 53 J 6 528.00 146.59 

17 2.97 .70 J 2 677.75 149.75 

18 3.58 61 869.22 191.47 

4.19 61 d 1045.82 176.60 

September 4.77 58 2.2 “2 1164.83 119.01 
73 2.8 ‘ 1409.10 244.27 
286.22 

307.26 

258.49 
268.32 

222.01 

277.95 
; 377.69 
November y 2.21 a % d 319.29 
3 Q ‘ 238.66 
4127.48 162.49 





Totals 15.67 4127.48 





ment of the sugar-beet crop in the Arkansas Valley area for the va- 
rieties under test was most pronounced from the second week of Sep- 
tember until completion of the beet harvest in mid-November. For 
maximum yields, this ‘‘laying on’’ period of tonnage should com- 
mence at least 1 month earlier. This implies the development of 
adapted varieties, having leafspot resistance, high-sugar, and good- 
tonnage yield. Leafspot resistance is especially important, since the 
rate of tonnage increase is noticeably slowed up by leafspot inci- 
dence in mid-to-late July and by another recurrence of this disease in 
late August. The general slowing down in rate of increase during 
early November is due to cool temperatures. 


The most rapid increase in percentage sucrose was in the pre- 
leafspot period, and extending up to about the last week in July. A 
sharp depression is generally experienced about 2 weeks after the 
beet foliage has been affected. In years of severe leafspot attack, 
from 4 to 6 weeks may elapse before sucrose values recover sufficient- 
ly to reach levels recorded before onset of the disease. In the re- 
sults shown in table 2, there were actually 3 cycles of sucrose depres- 
sion, all of which affected the quality and manufacturing worth of 


the crop. 
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The accumulation of pounds sugar-per-acre yield shows a steady 
development until early in August, when, because of the slowing 
down effects of the leafspot disease, retardation set in. This con- 
tinued until a recovery in foliage growth was made early in Septem- 
ber. Following this, rapid progress was again made until mid-Octo- 
ber when effects of leafspot were felt once more. From then on, 
until mid-October, the rate of sugar storage was greatly accelerated. 


Conclusions 
From this study, 3 definite trends were established. 


Primary infection of leafspot influences sucrose values as early 
as the last week in July. 


In early light attacks of leafspot, the recovery is quite rapid. 
This is especially true in the case of infections occurring in 
early July when recovery is effected in 2 to 3 weeks. 


In the case of late development of leafspot, or a second attack 
coming in late August or early September, the recovery of 
the sucrose in the plant is very slow, ranging from 4 to 6 
weeks. From standpoint of both processor and grower, the 
harvesting of these late-affected fields first seems indicated, 
and is a practice that has generally been followed in this 
area. 


Rate of Development Studies—1938 to 1941 


With the development of leafspot-tolerant varieties, more or less 
resistant to the Cercospora beticola fungus, rate of development 
studies were resumed in 1938. Two varieties, one domestic and the 
other foreign, were used. The domestic variety was of intermediate 
type. While the sucrose percentage was satisfactory, it was not equal 
to the Flat Foliage variety used in the 1925 to 1928 work. In re- 
sistance to leafspot, the reading was about 3 on a scale reading 1 to 
5, in which 1 was resistant and 5, highly susceptible. The susceptible 
foreign variety was intermediate in yield and under leafspot exposure 
had a reading of 5. It had, however, the remarkable ability of a 
quick comeback in growing out new leaves and producing under fa- 
vorable conditions of late harvest a beet of acceptable quality. 


During the present 4-year period of test, the plot arrangement 
was fully randomized in 7 replicates, width of plots 4 rows wide, 100 
feet in length. The rows were 20 inches apart, and the beets were 
spaced 12 inches between plants in the row. Two 20-competitive-beet 
samples were taken for weight and sucrose determination for each 
sampling date. At harvest, yields were made on an actual yield basis. 
The data are shown in table 3. 
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Table 3.—Rate of development studies with sugar beets. Increases in tons beets, 
percentage sucrose, and pounds sugar per acre by 2 weekly periods (1938 
to 1941, inclusive, Rocky Ford, Colorado). 





Percentage Pounds sugar 

Weeks Tons beets sucrose per acre 
Leafspot after accumulated accumulated accumulated 
Month reaction planting Total Rate Total Rate Total Rate 





August Resistant 18 8.40 8.40 12.01 12.01 2020 2020 
Susceptible 8.30 8.30 11.55 11.55 1920 1920 
September Resistant 20 10.40 2.00 11.99 —.02 2500 480 
Susceptible 9.80 1.50 11.45 -.10 2240 320 
Resistant q 11.70 1.30 12.10 Al 2840 340 
Susceptible 11.20 1.40 11.46 1 2500 260 
Resistant y 12.80 1.10 12.75 65 3260 420 
Susceptible : 12.76 1.30 2880 380 
Resistant . “ 13.85 1.10 3820 360 
Susceptible 12.75 -.01 3180 300 
Resistant . d 14.80 05 3960 340 
Susceptible 2. d 14.51 1.76 3740 560 
17.00 2.20 4560 600 
16.38 1.87 4420 6SO 


October 


November Resistant 
Susceptible 





Totals Resistant 
Susceptible 


i, 17.00 
16.38 


Discussion 

Tons Beets Per Acre.—In the 4-year test, leafspot was moderate- 
ly severe in 1 year, comparatively light in 2 years, and almost neg- 
ligible the fourth year. The rate of tonnage development was rapid 
for both varieties during the early part of the growing season. The 
susceptible variety utilized the growing season to better advantage, 
showing a consistent increase as the season progressed. On the other 
hand, the resistant variety proved to be earlier maturing, and to that 
extent it did not take full advantage of the relatively long-growing 
season. 


Percentage Sucrose.—The effect of leafspot upon percentage 
sucrose in the beet is shown in its depressing effect upon sucrose 
values during the latter part of August and September. Along with 
need of greater tonnage, the improvement in resistance to leafspot 
and maintenance of sucrose values at a higher level is indicated by 
these studies. There was, however, material improvement in the 
performance of the domestic variety when comparison is made with 
the susceptible variety, and in which sucrose values remained de- 
pressed until late in October. 


Pounds Sugar-per-Acre Yield.—It is gratifying to note the rapid 
early increase in sugar-per-acre yield in favor of the resistant variety. 
From the standpoint of early harvest, to reduce the tons beets into 
storage, and the attendant shrinkage therefrom, improved varieties 
which make quick earlier growth are an essential consideration to 
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efficient and economical production of sugar. It is evident, that in 
the present varieties, earlier development in rate of sugar-per-acre 
production has been realized to a certain degree. 


Comparison of Results: 1921 to 1928 and 1938 to 1941 Inclusive 


Three graphs have been prepared to show the rate of develop- 
ment of present varieties compared to those of a decade ago. The 
tonnage yield of beets for these periods is shown in figure 1. 
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Figure 1.—Tons beets per acre. Years 1921 to 1928 and 1938 to 1941, inclusive. 








It is obvious that in earlier rate of development, both the re- 
sistant and susceptible varieties used in the 1938 to 1941 studies were 
greatly superior to the varieties used during the 1921 to 1928 period. 
The resistant variety showed less fluctuation, but proved to be en- 
tirely too early maturing for best utilization of a relatively long- 
growing season. However, the improvement made in earlier ma- 
turity is of decided advantage to the industry in advancing the date 
of harvest. 


As indicated previously, the resistant variety did not have the 
early high-sucrose values as shown by the Flat Foliage variety. De- 
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Figure 2.—Percentage sucrose in the beet. Years 1921 to 1928 and 19388 to 1941, inclusive. 


spite a lag in sucrose accumulation in late August and September, 
the final percentage sucrose from the resistant variety at time of 
harvest, from mid-October to mid-November, was higher than that 
experienced in the 1921 to 1928 work. Additional work in increasing 
the resistance so as to improve sucrose values earlier in the season is 
indicated by these results. 


As in the case of the graph on tonnage yield of beets, the sugar- 
per-acre trend follows a similar pattern. With the resistant variety 
as used in these tests, it is economically feasible to start harvesting 
operations in mid-September. To overcome the lag in rate of sugar 
increase from mid-October until conclusion of harvest, greater ton- 
nage-yielding ability is required. This apparently is the objective 
in the development of newer varieties, which have the ability to make 
better use of the fall season for the manufacture of sugar. 


Summary 


1. Studies conducted over an 8-year period (years 1921 to 1928 
inclusive) indicate that the rate of percentage sucrose accumulation 
in the beet is most pronounced during the early life of the plant. 
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Figure 3.—Pounds sugar per acre. Years 1921 to 1928 and 1938 to 1941, inclusive. 


2. Leafspot attacks of light incidence, occurring during the 
latter part of July, are generally overcome by the natural recovery of 
the plant within a period of 2 weeks, with relatively small sugar-per- 
acre loss. Those occurring later inflict much heavier sugar-per-acre 
losses and may require 4 to 6 weeks for return to the preinfection 
period of sucrose levels. 


3. The most rapid rate of beet-tonnage increase is in the late 
summer and early fall months. 


4. Development of more resistant varieties to leafspot has re- 
duced the lag in development appreciably, increasing the sugar-per- 
acre accumulation to a point where earlier harvesting operations are 
feasible. 


5. The need of higher-yielding tonnage types of sugar beets 
for maximum production of sugar per acre is indicated. 





Seed Segmenting Devices 


Roy Barner! 


The development of a single germ, sugar-beet seedball is the first 
essential for a mechanized program of sugar-beet production. Be- 
sides this there is the necessity to maintain seed of high germination, 
to treat seed for protection in infested soils, and to utilize planting 
equipment for uniform distribution of the seed. 

Sugar-beet seedballs contain, on the average, more than one 
germ each. This means that regular seed, when planted, may pro- 
duce from none to several seedlings per seedball, making finger thin- 
ning imperative in order to obtain a singled stand. A reduction in 
the number of germs per seedball will materially reduce the hand 
labor of thinning. Furthermore, if the beets are to be thinned me- 
chanically, or with a long-handled hoe, the percentage of singles will 
be greatly increased. Any method that gives a higher percentage of 
single plants will be reflected in a mechanical-harvesting system em- 
ploying ground topping. Beets in multiple combinations seriously 
affect the quality of mechanical topping. 

Discussion of Experimental Machines 

Attempts have been made in the past to produce a single-germ 
seedball by plant-breeding methods. The results, to date, have not 
been satisfactory. Dr. W. Knolle of the Institute of Land Machines 
at Halle, Germany, developed a process prior to 1940 for cracking 
sugar-beet seed in an endeavor to reduce the number of germs per 
seedball. The process was immediately commercialized and a lim- 
ited amount of seed was made available during 1940. Correspondence 
with the Director of the Experiment Station at Halle did not yield 
any technical information on the process. Therefore, a similar inves- 
tigation was started at the University of California in an attempt to 
produce a single-germ unit by mechanical means. 

A preliminary machine was built in February 1941 for break- 
ing the sugar-beet seedball into segments, each containing approxi- 
mately one germ. A Hormel-Wagner belt sander, which was on 
hand, was used as a base machine for developing the process. This 
machine consisted of 2 horizontal 4-inch pulleys mounted on 12-inch 
centers. An endless abrasive belt, 4 inches wide and 36%4 inches 
long, operated at 1,350 feet per minute over the pulleys. The belt 
was backed up between pulleys by a flat table 5 inches wide and 
101% inches long. Belts with various sizes of grit were available for 
the machine. The best performance resulted from the use of belts 
having grit sizes 24 and 30. 

A hopper was added to conduct the seed to the belt. An ad- 
justable breaker strip or shear bar 34 x 11% x 5 inches was attached 


‘Associate Agricultural Engineer, California Agricultural Experiment Station. 
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to the table on the discharge side of the hopper. Various clearances 
between the shear bar and belt were tried. When the original sample 
was divided by grading over a 13/64-inch screen, a clearance of 0.072 
inch gave the best results for the smaller seed while a clearance of 
0.092 inch was used for the larger seed. However, early trials indi- 
eated that sack-run seed could be sheared with a clearance of ap- 
proximately 0.080 inch. 

During the segmenting process the seed is engaged by the rough 
belt and carried under the shear bar. Some rolling apparently takes 
place so that when the seed is crowded under the shear bar it rolls 
until the applied force is directed through the weak section of the 
seedball between flower clusters. The seedballs are actually broken 
between the seed cells, giving small flakes of corky material enclos- 
ing the cell and germ. The approximate size of the flake is 3/32 
inch thick and 3/16 inch in diameter. In addition to the reduction 
in size of the segment as compared to whole seed some damage is evi- 
dent. In some instances the seed is exposed because of the removal 
of the corky sepals and portions of the pericarp. Occasionally a part 
of the seedeoat is removed and, in some cases, the seed is broken ex- 
posing the endosperm. In general the segmented seed still has the 
appearance of whole seed, except for size. Due to the change in size 
the surface area is approximately twice as great as an equal weight 
of the original seed. 

While the preliminary machine gave satisfactory results, the ca- 
pacity was only 100 pounds (whole) seed per hour, and the life of 
a belt 20 minutes. In spite of its limitations, several hundred pounds 
of seed were sheared for experimental plantings. 

Another Machine Developed 

Later a second machine was built to overcome the defects of the 
preliminary unit. The second unit made use of a 20-grit, silicon- 
earbide, vitrified stone 2 inches wide and 10 inches in diameter (Nor- 
ton Crystolon wheel number 3720Q) mounted on a horizontal shaft 
supported by 2 sealed ball bearings. A %4-horsepower electric motor 
was used for power. An adjustable shear bar (made of chrome- 
molybdenum No. 4145 steel—heat treated) 4% x 1 and 5/16 x 2 inches, 
with the leading edge slightly relieved to facilitate feeding of the 
seed, was used. Any carbon steel that can be hardened can no doubt 
be used for the shear bar. Early experiences with mild steel showed 
too rapid wear. A hopper conducted the seed to the wheel. The 
principle of operation was similar to the original machine in that 
the stone carried the seed past the shear bar. 

The present machine, which has an operating width of 1% 
inches, has a capacity of approximately 400 pounds (whole) seed per 
hour when operating at a peripheral speed of 2,000 feet per minute. 
Variations in speed from 1,500 to 3,000 feet per minute gave approxi- 
mately the same capacity. 
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A hand sereen having round holes 8/64 inch in diameter has 
been used for making preliminary determinations to be used in set- 
ting the shear bar. Best results have been obtained when 50 to 60 
percent of the sheared sample was retained on this size of screen. The 
adjustment of the shear bar is quite critical, in that changes of only 
3 to 5 thousandths of an inch in clearance materially affect the per- 
formance. Once the machine is set changes due to wear are slow. 

Grading and Cleaning of Sheared Product 

A Clipper type of fanning mill was used for grading and clean- 
ing the sheared product. An 11/64-inch sieve on top scalped off any 
large seed that should be rerun, and an 8/64-inch screen used below 
collected the part of the sample to be retained. With the above 
screen arrangement, the maximum variation in size of seed was 3/64 
inch. For some varieties of seed the sample passing through the 
8/64-inch screen was regraded over a 6/64-inch screen to give a sec- 
ond size that could be used. However, more germination trials must 
be run in order to be sure of this smaller seed. 

During the shearing and cleaning operation, the sample of seed 
is reduced to about 4% of the original weight. However, the sheared 
sample has approximately twice as many seed segments per unit 
weight as were in the original sample. For example, 1 lot of (U. S. 
15) seed contained 5,804 seedballs per 100 grams before shearing and 
10,212 units per 100 grams after shearing (approximately 46,000 
seed units per pound). Therefore, the actual recovery of seed units 
amounts to 80 to 100 percent of the number in the original sample. 
Table 1 shows the results of cleaning, grading and germination of a 
sample of sheared seed (U. 8S. 12). The sample was cleaned and 
graded in a Clipper Cleaner. The 4.4 percent retained on the 
11/64-inch sieve would normally be returned for reshearing. How- 
ever, for comparison, this portion was carried through germination 
trials with the balance of the sample. The portion collected between 
the 11/64-inch and 8/64-inch sieves represented 42.2 percent by 
weight. When calculated on the basis of number of seeds per unit 
weight, the sheared sample contained 83 percent as many units as 
were in the original sample. Sheared seed falling into this grade 
has been used in most of the preliminary planting trials. The por- 
tion passing through the 8/64-inch sieve and retained on a 6/64-inch 
screen shows a low germination. However, some better method of 
recovery may be possible for removing the non-viable seed. If the 
size of the sample were reduced to 6 percent through further clean- 
ing, this final portion alone would yield approximately 20 percent 
as many seed units as were contained in the original sample. The 
free germs represent 20 percent as many seed units as there were 
seedballs before shearing. Actually, in this test, 98 percent of the 
free germs grew; however, only 71 percent were reported as normal 
plants. The balance showed results of mechanical injury. Nothing 
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Table 1.—Results of cleaning, grading and germination of a sample of sheared beet 
seed (U. S. 12); shear bar set for clearance of .088 inch. 





Percentage Seeds Percentage Seedlings 
Grade-sieve retained 100 gr. germination per ball 





Larger than 11/64-inch sieve 44 6,295 94.0 1.76 
Through 11/64 over 8/64-inch screen 42.2 10,331 82.1 1.18 
Through 8/64 over 6/64-inch screen 10.8 17,154 53.8 1.05 
Free germs 2.9 36,131 71.0 1.0 
Dust and screenings 39.7 





Original sample 


«5248 84.5 2.2% 





has been done, to date, toward the separation of the damaged germs 
from the undamaged ones. 


A Sutton Steel and Steel Gravity Separator was used for the 
final grading of some of the first samples that were sheared. This 
machine was used after the seed had received a light cleaning over 
the Clipper machine. Its use has been discontinued due to its low 
capacity (approximately 100 pounds per hour). llowever, the re- 
sults are worthy of mention so that the report on one run will be 
ineluded in this paper. The sample (U. S. 933) used for shearing 
had an original germination of 88.5 percent. After the seed was 
sheared and had received a preliminary cleaning, the increment re- 
tained on the 8/64-inch screen was run over the gravity separator. 


Table 2.—Germination results of sheared seed graded on a gravity separator; germ- 
ination of original seed 88.5 percent. 





Spout Percentage of sample Percentage of germination 





6.9 94.0 
24.1 91.5 
34.6 83.0 
25.4 72.0 

6.1 36.5 

2.9 36.0 





The sample of sheared seed, after preliminary cleaning, con- 
tained 108.8 percent as many seed units as were contained in the 
original sample. After grading over the gravity separator and the 
material collected from spouts 5 and 6 was eliminated, the sample 
still contained 99 percent as many seed units as were in the original 
sample. The germination of the material coming from the first 4 
spouts was 82.5 percent as compared to 88.5 percent in the original 
sample, and the relative number of seedlings per seedball were 1.13 
for the sheared lot as compared to 1.92 for the original sample. Later, 
a heavier air blast applied to the seed in the preliminary cleaning 
gave final results comparable with the above. 

Other phases of beet production utilizing segmented seed to be 
discussed are: Seed treatment, single seedball planters, mechanical 
blocking and thinning, and segmenting seed while planting. 





Seed Treatment of Segmented Seed 


L. D. Leacu anp Roy BatNer' 


Dusting the seeds with fungicides to protect sugar-beet seed- 
lings against infection by soil or seed-borne fungi has become a stand- 
ard practice in several areas. In California 85 percent of the Ven- 
tura County sugar-beet acreage is planted with treated seed. More 
than half of all the sugar-beet seed in the Delta region of the Sacra- 
mento and San Joaquin Valleys is also treated, while in the Imperial 
Valley and parts of the upper Sacramento Valley very little treated 


seed is used. 


Before segmented seed is made available for large-scale field 
trials, it is important to know if the same seed treatments now used 
on whole seed are safe to use on segmented seed, and if these ma- 
terials and dosages are effective in protecting plantings from seg- 
mented seed against damping-off infections, where these seedling 
diseases are limiting factors in securing satisfactory- stands. The 
investigations reported in this paper were conducted to secure infor- 
mation concerning the protective and toxic effects of seed treatments 


on segmented seed. 


One striking difference between segmented and whole seed is 
that many of the seeds of the former are in an exposed position be- 
eause of the removal of the corky sepals, portions of the pericarp, and 
in occasional cases, portions of the seed coat. At the same time the 
mechanical separation of seed units was found to have approximately 
doubled the surface area per unit weight of seed (1)?. 


Sugar-beet seed treatment is primarily for the purpose of con- 
trolling damping-off, a seedling disease in which germinating seeds 
or young seedlings are attacked by certain fungi and killed before 
they emerge from the soil or topple over after they appear above 
ground. The fungus responsible for most of the damping-off of 
sugar beets in California is Pythium ultimum, although in certain 
areas, notably Ventura County and some areas of the Delta region, 
Rhizoctonia solani is of equal importance. A third organism, Phoma 
betae, is seed-borne and while it 1s abundant in some lots of Euro- 
pean origin it has not been found on domestically produced sugar- 
beet seed (2). 


Unless infestations are exceptionally severe, satisfactory con- 
trol on whole beet seed can be secured by treating with Ceresan 
(ethyl mereury chloride) at 1 pound per 100 pounds of seed, or with 


‘Associate Plant Pathologist and Associate Agricaltural Engineer, California Agri- 
cultural Experiment Station. 
*Numbers in parentheses refer to Literature Cited. 
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New Improved Ceresan (ethyl mercury phosphate) at 6 ounces per 
100 pounds of seed. Red copper oxide is effective against Pythium 
damping-off but is only partially effective against Rhizoctonia or 
Phoma infection. 


All of the trials reported in this paper were conducted in the 
greenhouse, and the infested soils contained a much higher inoculum 
potential than would be encountered in most field plantings. 


Discussion of Experiments 


The first experiments compared the relative emergence and sur- 
viving stands of whole and segmented seed nontreated and treated 
with Ceresan at 1 percent of seed weight when planted in steam- 
sterilized soil and in soil infested by both Pythium and Rhizoctonia. 
The results (figure 1) indicated that infection on nontreated seg- 
mented seed was more severe than on the nontreated whole seed, and 
that the protection afforded by a 1-percent dosage of Ceresan on 
segmented seed was considerably less than the same treatment on the 
whole seed. It appears, therefore, from this trial and from subse- 
quent investigations that at Jeast under some conditions segmented 
seed may be more susceptible to damping-off than whole seed. 


The dosage of Ceresan was next increased in an attempt to com- 
pensate for the greater surface area and the apparent increase of 
susceptibility of the segmented seed. With whole seed it was found 
that protection was not increased by dosages above 1.5 percent (table 
1), while germination was not decreased by dosages as high as 3 per- 
cent when the treated seed was planted immediately under favorable 
conditions. Numerous greenhouse and field experiments have dem- 
onstrated that a 1-percent dosage of Ceresan, originally recommended 
by LeClerg (3) in Minnesota, provides nearly as good protection as 
larger amounts, except under conditions of severe infestations. 


With segmented seed it was found that dosages of 1.5 percent 
increased the protection considerably over that provided by 1 per- 
cent of Ceresan in soil infested with either Pythium or Rhizoctonia 
(figures 2, 3, and 4). In some trials a 2-percent dosage was still 
more effective, but plantings in noninfested soil indicated that this 
amount was somewhat injurious to germination. 


Limited trials do not indicate that segmented seed is more readily 
injured by storage after treatment than is whole seed. It is well 
known, however, that whole seed treated with Ceresan may be in- 
jured by storing for several weeks, especially in close confinement or 
where moisture may be absorbed by the seed. It is suggested, there- 
fore, that only limited amounts of sugar-beet seed be treated with 
organic mereury compounds at one time and that whenever possible 
the seed be planted within a few days after treating. 
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Figure 1.—Comparative trials of treated whole and sheared sugar-beet seed 
(U. 8. 33) in infeeted soil (Rhizoctonia-Pythium). 
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Figure 2.—Comparative trials of treated sheared sugar-beet seed (U. S. 12) in 
infested soil (Pythium- Rhizoctonia). 
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Figure 3.—Comparative trials of treated sheared sugar-beet seed planted in 
Pythium-infested soil. 
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Figure 4.—Comparative trials of treated sheared sugar-beet seed in Rhizoctonia- 
infested soil. 
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Figure 5.—Comparative trials of treated sheared sugar-beet seed (U. S. 12) in 
infested soil (Pythium-Rhizoctonia). 


Comparisons with other fungicides (figure 5) indicated that 
Ceresan was more effective on segmented seed than either red cop- 
per oxide or Spergon and that a 1.5-percent dosage of Ceresan is 
about as effective as a 0.5-percent dosage of New Improved Ceresan 
considered near the upper limit of effectiveness and safety for this 
fungicide (4). ¢ Se 
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Table 1.—Effect of Ceresan dosage on germination of sugar-beet seedlings in steam- 


sterilized and in Pythium-infested soils. 





Steam - sterilized soil* Pyt hiu m - infested soils* 





Treatment Dosage ~~ Surface irrigated Surface irrigated Nonirrigated 


~ *Seedlings per 100 seedballs. 





Percentage 
Control none 201 19 43 
Ceresan 0.5 214 126 148 
Ceresan 1.0 216 166 
Ceresan 1.5 210 187 196 
Ceresan 20 200 183 192 
Ceresan 3.0 224 197 


Conclusion 


In conelusion it can be stated that segmented seed responds in 


much the same way as whole seed to the protective effects of fungi- 
cides, but that possibly because of its greater surface area or its 
greater susceptibility to infection a somewhat higher dosage is re- 
quired. Judging from these trials a 1.5-percent dosage of Ceresan or 
0.5 percent of New Improved Ceresan should provide adequate pro- 
tection even under moderately severe infestations. Red copper oxide 
and Spergon offer some protection, but in these trials were less ef- 
fective than the organic mercury compounds. 
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Single-Seed Planting of Sugar Beets 


S, W. McBrreney' 


Experimental work with single seedball planting of sugar 
beets was begun in 1936. A report of the early work was made 
4 years ago at the first general meeting of the American Society of 
Sugar-Beet Technologists. Further experiments were reported at 
the meeting of the Society 2 years ago at Denver. Commercial equip- 
ment, then becoming available, was also described at that meeting. 
Since then we have continued experimental work with this method of 
planting. Results show that material savings can be made in labor 
and other items in obtaining satisfactory thinned stands, particu- 
larly when the method is used in conjunction with the planting of 
the recently developed segmented or single seed as described in Mr. 
Bainer’s paper at this meeting. 


Advantages of Single-Seed Method 


Pre-thinning stands obtained by the single-seed method, as com- 
pared to conventional planting, are more uniform, less thick, and 
contain more singles. Such stands are therefore better adapted to 
mechanical thinning, which is the primary object of single-seed 
planting. Incidentally the single-seed-planted beets also can be 


thinned by hand at a faster rate than can conventionally planted 
beets. 

Comparative plantings with single-seed and conventional equip- 
ment were made again in 1940 and 1941, using whole, sack-run seed 
and whole seed sized by screening. The results for 1940 are sum- 
marized in table 1. 

All plantings with each planter were averaged for that machine 
and the planters compared, using the germination stand-counts ex- 
pressed in percentage of inches of row with beet seedlings and num- 
bers of inch sections containing singles. As these two criteria of com- 
parison are correlated with the seedling stand, they were summar- 
ized as the average stand for all planters, which was 62 seedlings per 
100 inches. With comparable seedling stands, the planter which so 
distributes the seed that seedlings appear in the greatest percentage 
of inch sections and which produces the most singles does the best 
work. Differences required for significance are shown. The per- 
centage of beet-containing inch sections that were singles is also 
shown for comparison later with the plantings of segmented or 
sheared seed. As shown in the table, the stands obtained with the 
single-seed machines were all significantly better than with the con- 
ventional planter. 


1Bureau of Agricultural Chemistry and Engineering, United States Department of 
Agriculture, Davis, California. 
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Table 1—Planter germination stand-count (summary i940). 








Percentage of 
beet-containing 
Percentage of inch 
Planter inch sections Singles per sections which 
with beets 100 inches were singles 





Chain feed single seed 37.9 19.3 51.0 
Single-seed plate 

planter with low hopper 35.0 16.4 "46.9 
Commercial single-seed 

plate planter 34.6 46.8 
Conventional plate planter 44.5 








Difference for significance 1.7 ; 





Similar results obtained in 1941 with single-seed and conven- 
tional planters are shown in table 2. In this case only the percentage 
of beet-containing inch sections with singles and the percentage of 
single seedlings are shown. 


These plantings were both put in at the rate of 10 to 12 pounds 
of seed per acre. On conventional plantings at 18 to 20 pounds of 
seed per acre the percentage of beet inches which contain singles is 
only about 35 or less. When the seeding rate is reduced to 10 or 12 
pounds per acre, the percentage increases to 40 or 45, but the uni- 
formity of seedling distribution is significantly poorer. The chances 
of having a singles seedling where it is desired for the thinned stand 
is therefore considerably better with single-seed planting.- 


Table 2.—Planter germination stand-count (summary 1941). 





Seed size Percentage of 
(64ths of beet-containing Percentage 
Planter inch) inch sections of single 
with singles seedlings 





54-cell plate single seed 9-13 53.1 32.4 
Chain single seed Sack-run 48.8 30.1 
50-cell plate single seed Sack-run 46.0 29.3 
16-cell plate conventional planter Sack-run 42.8 25.3 





Seeding rates with the single-seed planters range from around 
7 to 12 pounds per acre. There has been some apprehension about 
using these lower-seeding rates. In order to learn, if possible, what 
might be a limit below which it was not desirable to go, plots with low- 
seeding rates were planted during the past 2 seasons. Table 3 gives 
the summarized results of the 1941 plots. 
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Figure 1.—Single-seed plate planting equipment: Left, 54-cell, 5/32-inch plate 
and center 4-cell, 7/32-inch plate, both for small-sized, screened whole seed; right, 
50-cell, 7/32-inch plate for sack-run or large-sized, screened seed 














Figure 2.—Germination stand of sugar beets planted with a single-seed planter. 
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Table 3.—Stands with low-seeding rates (summary 141). 





Percentage of 
Seeding Seedlings Percentage Singles  beet-containing Thinned 
rate (Ib. per 100 inch sections per 100 inch sections stand beets 
per acre) inches with beets inches with singles per 100 feet 





3.3 21.9 15.1 9.3 61.8 122.4 
4.4 29.0 19.3 11.4 58.8 131.0 
6.3 33.4 24.0 14.9 62.6 145.4 
42.6 28.2 16.5 59.0 143.8 
48.5 30.7 16.6 52.5 106.5 
61.2 37.0 19.4 53.1 114.1 





The plots were hand thinned in the usual manner and laborers 
were instructed to save the best stand possible up to 120 or more beets 
per 100 feet on the plots with the 4 lowest-seeding rates. The plots 
with the 2 heavier-seeding rates were in adjacent sets where the la- 
borers were instructed to thin to a stand of about 110 beets per 100 
feet. Thinned stands on the similar 1940 plots were lighter as a stand 
of 100 or 110 beets per 100 feet was attempted. Seeding rates of 
more than 5 pounds per acre were necessary to produce a 100-beet 
stand. 


Two sets of single-seed-planted plots were also planted in 1941 
using the recently developed segmented or sheared seed. Special seed 
plates were made up last spring to be used in a regular-plate planter 
with this seed. These plates were 3/32 inch thick and had 55 cells 
consisting of 3/16-inch holes which were taper-reamed on the bottom 
side of the plate to allow the seed segments to drop out more freely. 
Special notched knocker wheels were shaped to drop into the plate 
cells and dislodge the seeds by positive action. Spacers were made to 
use with these thin seed plates, but since then special hinged seed- 
hopper bottoms have been made by the manufacturer to accommo- 
date these plates. 


One planting was made at Davis, California, using treated and 
untreated segmented seed with these special plates used in a planter 
provided with a special drive to increase the seeding rate. A plate 
speed was used which gave a forward travel of 1.45 inches per seed 
cell and this gave a seeding rate from 4.55 to 4.75 pounds per acre. 


A portion of the segmented seed was pelleted in soil, the pellets 
averaging about 0.3 inch in diameter. These pellets were planted 
with the experimental chain-feed, single-seed planter. About 50 to 60 
pounds of pelleted seed per acre were used to get a 1.5-inch spacing 
of pellets in the row. A comparative planting with small-sized, whole 
seed was also included in these plots. 


The germination-stand-count data for this planting is shown in 
table 4. The results show that the percentages of beet-containing 
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inch sections with singles and of single seedlings are much higher 
with the segmented seed than with the whole-secreened seed. Compari- 
son with the percentages of singles in the germination-stand-count 
data in table 2 shows that the percentage of singles is even lower 
with the sack-run seed than with the smail-screened seed. The per- 
centages of singles with the pelleted seed are lower than with the 
unpelleted sheared seed, indicating the inclusion of more than one 
segment in some of the pellets. This seed germinated well under the 
moist conditions in the field, but germinated very poorly in flats in 
the greenhouse. All considerations would seem to eliminate the pel- 
leted seed. 

Table 4.—Sheared seedball germination stand-counts. 





Percentage 


Inch 
sections 
per 100 


of beet- 
containing 
inch 


Percentage 
of single 
seedlings 


sections 
with 
singles 


Singles 
per 100 
inches 


inches 
contain- 
ing beets 


Seeding Seedlings 
rate lb. per 100 
per acre inches 


Planter, seed, 
and equipment 





Plate planter, 55-cell 
plate and sheared seed 
Untreated seed 
Treated seed 
Increase from 
treating 
Chain-feed, single-seed 
planter, pelleted seed 
Untreated seed 
Treated seed 
Increase from 
treating 
Plate planter, 54-cell 
7/32-inch plate, 9-13 
screened seed 
Untreated seed 
Treated seed 
Increase from 
treating 


4.55 
4.77 


50-60 
50-60 


37.3 
48.5 


25.3 
30.7 


14.4 
16.6 
30.0% 


21.4% 15.3% 





These field plantings with the sheared seed were later thinned 
with a long-handled hoe only. It was found possible to secure very 
satisfactory after-thinning stands with a comparatively high per- 
centage of singles in this manner. After-thinning stand-counts are 
shown in table 5. 


Table 5.—After-thinning stand-counts on sheared-seed plantings thinned with long- 
handled hoe only. 





Percentage of beets 
as singles 


Beets 
per 100 feet 


Singles 


Seed per 100 feet 





75.7 
85.5 
76.6 
87.0 


62.7 
64.0 
57.5 
63.9 


120.7 
133.5 
133.3 
136.2 


Sheared-untreated 
Sheared-treated 
Pelleted-untreated 
Pelleted-treated 
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Another planting was made this spring (1941) near Dixon, Cali- 
fornia, using segmented seed and the special plates in the farmer’s 
own planter. The maximum seeding rate obtainable with the 55-cell 
plates in that planter was 3144 pounds per acre. A planting was also 
put in with the segmented seed using a commercial, 54-cell, 5/32-inch 
thick single-seed plate at the 314-pound seeding rate and at a 5-pound 
rate. The results of this planting are given in table 6. 


Table 6.—Sheared seed germination stand-counts. 





Percent- 
age of 
Inch beet-con- 
sections taining 
Seed- per 100 inch sec- Percent- 
Seeding lings inches Singles’ tions age of 
Planter equipment rate Ib. per 100 contain- per 100 with single 
peracre inches ing beets inches singles seedlings 





55-cell, 3/32-inch plate 3% 19.7 16.4 13.9 $4.6 70.6 
S4-cell, 5/32-inch plate 3% 30.0 23.9 18.7 78.0 62.2 
54-cell, 5/32-inch plate 5 48.4 34.4 23.3 67.3 48.0 





The percentages of singles in the Dixon planting are lower with 
the 54-cell plate than with the 55-cell, thinner plate. However, these 
figures are misleading for there is a negative correlation between the 
seedling stand and the percentage of singles. If the curve for the 


two sets of data with the 54-cell plate are extrapolated to the 20 
seedling per 100-inch point, the percentages of singles are practically 
the same as with the 55-cell plate. This would indicate that the 
commercially available 54-cell, 5/32-inch single-seed plate may be 
just as satisfactory for the segmented seed as some new special plate. 


It is also interesting to note that the 314-pound per acre seeding 
rate with the 54-cell plate produced approximately half again as 
many seedlings as a comparable seeding rate with the thinner 55-cell 
plate. Part of this difference may be due to errors in calibration of 
the plate, but the difference led to some further tests recently of the 
plates in the laboratory in connection with a series of tests being run 
to determine the most desirable type of seed plate for use with seg- 
mented seed. 


Type of Seed Plate to Use 


It was apparent that the 55-cell, 3/32-inch plate was doing more 
damage to the seed which went through it than did the 54-cell, 5/32- 
inch plate. The former plate was breaking 12.3 percent of the seed 
into portions that would pass through a 3/32-inch round-hole screen 
while the 54-cell plate was breaking.7.4 percent of the seed. Ger- 
mination tests brought out this damage to the seed even more strik- 
ingly as they showed an average of 69.75 sprouts from 1-gram sam- 
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Figure 3.—Fifty-five cell, 3/32-inch seed plates developed for use with segmented 
sugar-beet seed. Plate at the left used with false ring and experimental, spring 
pressure, hinged-hopper bottom. Plate at the right used with false ring and shim 
spacer. 











Figure 4.—Sugar beets planted with 55-cell plate and segmented seed at 3 pounds 
per acre. Background rows planted with 50-cell single-seed plates and 15 pounds 
per acre of sack-run seed. 
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Figure 5.—Sugar beets planted with 5/32-inch single-seed plate and 
segmented seed at 5 pounds per acre. 























Figure 6.—Eighty-cell, 3/16-inch hole, %-inch thick seed plates developed for use 
with segmented, sugar-beet seed. Plates are used with special seed cut-offs, knocker 
wheels, false rings, and spring-pressure hinged-hopper bottoms. 





236 AMERICAN Society Sucar-Beet TECHNOLOGISTS 


ples of seed run through the 55-cell plate compared with 81.75 
sprouts (or 17.2 percent more sprouts) from 1-gram samples run 
through the 54-cell plate. 


The series of laboratory tests now being made to determine the 
most desirable plate for use with this segmented or sheared seed, 
which is sized between 8/64-inch and 11/64-inch round-hole screens, 
indicate that the plate thickness should be between 7/64 and 1% inch 
in order to provide adequate cell filling, to avoid excessive numbers 
of doubles, and to minimize the seed damage. These tests have not 
been completed and germination tests are still being run on seed 
samples from plates of intermediate thicknesses. The largest num- 
ber of cells practicable should be used to obtain desired seeding rates 
with the lowest possible plate speeds. This seems to be about 80 cells 
and a 3/16-inch diameter hole reamed up from the bottom with a 10- 
to 12-degree included-angle reamer to give the desired cell size and 
and shape. This 80-cell, 3/16-inch hole, 44-inch plate will give a 
seeding rate with present commercial planters and plate speeds rang- 
ing both above and below 6 or 7 pounds per acre. So far this seems 
to be about the seeding rate desired for the segmented seed under av- 
erage germination conditions. Under ideal germination conditions in 
the Imperial Valley, California, a somewhat smaller seeding rate 
seems more desirable. Further experimental work may change this 
desired seeding rate. 


So far no laboratory tests have been run on side-notched plates 
in comparison with drilled-hole plates for this seed except for tests 
run on the 54-cell commercial single-seed plate. The cells in this 
plate are somewhat too large as they pick up an average of 2.66 seg- 
ments per cell. However, it seems probable that the side-notched 
plates, particularly those running on recessed false plates with ma- 
ehined surfaces, will be equally as satisfactory as the drilled-hole 
plates. 





Mechanical Thinning of Sugar Beets’ 


2, M. MERVINE2 


The idea that sugar beets might be mechanically thinned first re- 
ceived attention in 1933 when mechanical ‘‘blocking’’ experiments at 
the Colorado Agricultural Experiment Station showed that a large 
percentage of the ‘‘blocks’’ consisted of single seedlings. When beets 
were blocked with 8-inch knives leaving 4-inch blocks, approximately 
20 percent of the remaining beets were singles. It was estimated 
that if the beet blocks were reduced to % or 1% of this size the pro- 
portion of singles would be raised to 40 or 60 percent. These exact 
proportions were not attained in subsequent experiments since there 
were several contributing factors, such as trash in the soil and ability 
of the knife to slide through the soil, which tended to diminish the 
resulting stand of beets. 


The objective in mechanical thinning is to leave as small blocks 
as practical, thus obtaining a large percentage of blocks containing 
single seedlings and at the same time leaving the remaining plants 
close enough together so that in spite of the blank spaces resulting 
from blocking and those left by subsequent removal of bunched 
plants, enough beet seedlings would remain to give a good yield. 


Discussion of Experiments 


In the early experiments 2-inch knife blades set on 3-inch cen- 
ters were used, thus leaving 4 one-inch blocks in each foot of row. 
If there were beets in each block there would be 400 beet-containing 
blocks in each 100 feet of row. Figure 1 shows that actually with a 
40 percent germination stand the remaining beet-containing blocks 
numbered about 145, or with a 50 percent germination stand about 
185 per 100 feet of row. 


Normally, out of 185 beet blocks approximately one-third would 
be singles. A laborer operating a long-handled hoe could chop out 
all but the singles and still leave more than 60 beets per 100 feet of 
row, and by leaving a few doubles get the desired 100 beets. 


The results of the first experimental plot in 1933 are given in 
table 1. 


1A sugar-beet mechanization project carried on by the U. S. Department of Agri- 
culture, Bureau of Agricultural Chemistry and Engineering, in cooperation with the 
Colorado Agricultural Experiment Station at Fort Collins, Colorado. 


*Agricultural Engineer, Bureau of Agricultural Chemistry and Engineering, U. S. 
Department of Agriculture. 
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Figure 1.—Resulting beet blocks when using varying knife sizes on varying 
beet stands. 
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Table 1.—Results in 1933. 





Mechanically Hand- 
thinned thinned 





Average diameter of beets—inches ‘ 44 
Number of beets in plot 1870 
Average weight of beets—pounds d 1.14 
Marketable beets per 100 feet 107 
Tons per acre 16.13 





The next step was the mounting of knives on a horse-drawn cul- 
tivator and cross-blocking to the small dimensions desirable for me- 
chanical thinning. The results in 1934 showed that with the excel- 
lent germination stand of 60.6 percent it was possible to leave 60 
singles per 100 feet of row. These results were obtained in a field 
planted with the standard planter, using the customary 20 pounds 
of seed per acre. 

In 1935 a somewhat larger plot was mechanically thinned. The 
results are recorded in table 2. The figures given are averages of 
those obtained in a test where 12 comparisons were made with ad- 
joining hand-thinned plots. 


Table 2.—Results in 1935. 





Mechanically Hand- 
thinned thinned 





Tons per acre 11.86+ .35 10.86+ .30 
Marketable beets per 100 feet 151.4+3.6 118.0 +3.0 
Number of multiple-plant blocks 

per 100 feet 36.7 8.7 
Beet-containing blocks after thinning 209.0 +4.7 ; 
Number of single plants per 100 feet 
after thinning 65.2 +23 





Subsequent tests were conducted to determine a more desirable 
technique for mechanical thinning. The most important develop- 
ment was the result of our work on planters. It is evident that im- 
proved planting, i.e., a better distribution of beet seedballs in the 
row, would produce more desirable results. Not only did we im- 
prove distribution, but by using small-sized seedballs we got a higher 
percentage of singles. 


_ In 1938 some extensive time studies were made on the amount of 
labor involved in the different thinning methods. The results are 
shown in table 3. The figures given are averages of those obtained in 
15 tests. 
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Table 3.—Time in man hours per acre to block and thin mechanically, and by hand. 
(Machine used: Cotton chopper) 





Man hours per acre Range 





Hand blocking and thinning 22.13+4.16 16.14—31.55 
Mechanical blocking followed by hand thinning 18.22+5.2 10.08—25.91 
Mechanical blocking followed by thinning 
with long-handled hoe 9.37+1.7 6.04—13.07 
Hoe thinning only 12.14+2.06 10.64—16.50 
(Mechanical thinning only—3 tests in 1941) 2.55+ .49 2.2 — 3.1) 
Standard deviations. 





Summary 


A summary of results of mechanical thinning versus hand thin- 
ning is shown in table 4. The following 3 methods of thinning with 
implements were used. Each was compared with the old method of 
hand thinning. 


1. Mechanically thin-to-medium dimensions with either a row 
blocker or a cross blocker and then followed by thinning with a long- 
handled hoe. 


2. Mechanically thin-to-smaller dimensions with no subsequent 
labor, the size of knife chosen depending on the germination stand as 
indicated in figure 1. 


3. No mechanical thinning; laborers used long-handled hoes. 
(This eliminates the stoop labor and saves nearly half the laborers’ 
time. ) 


As might be expected, as regards these 3 methods, there is the 
least loss of tonnage when the thinning is done with the long-han- 
dled hoe. However, the loss is not much greater when the machine 
is used and the work is finished with the long-handled hoe. 


All 3 methods are open to improvement. In 1935, the only year 
in which mechanically thinned beet plots actually outyielded hand- 
thinned plots, a considerably higher stand of beets was left in the row. 
Achieving higher stands may be one method of improvement. Prob- 
ably better results will be obtained when it is possible to plant a 
higher percentage of single-germ seeds. Only the standard seed used 
by farmers was planted in the tests described in this paper. 
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Table 4.—Mechanical thinning versus hand thinning. 


1932 1935 1937 1939 1941 1941 1941 Average 








Yield in tons per acre 





Mechanical blocking 

followed by thinning 

with long-handled hoe 15.08 11.86 20.1 9.5 13.3 19.7 14.23 
Hand blocking and 

thinning 16.13 10.86 : . 15.9 22.9 15.89 
Loss from mechanical 

thinning vs. hand 

thinning—percentage 6.5 9.2 12.2 16.7 

(gain) 





Average loss, 9.4 percent. 
Harvest stand from mechanical thinning=—93 percent of that from hand thinning. 


Mechanical blocking 

only 14.73 15.66 13.1 14.28 
Hand blocking and thinning 15.70 20.32 14.55 16.47 
Loss from mechanical block- 

ing vs. hand thinning—percentage 62 229 10.0 





Average loss, 13.0 percent. 
Harvest stand from mechanical blocking only= 75 percent of that from hand thin- 


ning. 





Hoe thinning only 11.1 10.47 16.82 15.8 13.54 
Hand blocking and thinning 11.4 12.00 17.68 18.5 14.88 
Loss from hoe thinning vs. 

hand thinning—percentage 








Average loss, 8.6 percent. 
Harvest stand from hoe thinning only=97 percent of that from hand thinning. 








Trends in Sugar-Beet Field Machinery 
Development 


H. B. WaLKer* 


This paper is based upon a critical review of machinery develop- 
ment during the past 30 years for planting, blocking and thinning, 
and harvesting of sugar beets. The sugar beet is a root crop grown 
on a field scale now totaling more than 1 million acres annually. The 
tonnage of the harvested crop exceeds 10,000,000 tons. It is a low- 
growing plant requiring much heavy hand labor for thinning, block- 
ing, and harvesting. 


For many years it has been the hope of growers to be able to 
mechanize much of the hand labor necessary to produce sugar beets, 
but decades of human ingenuity and effort have failed to produce 
field machinery for blocking, thinning, and harvesting which meets 
general grower acceptance. During the past 30 years, hundreds of 
thousands of dollars have been spent by inventors, sugar companies, 
and experiment stations in trying to mechanize the labor peaks com- 
ing during the blocking and thinning period and later when the ma- 
tured crop is harvested. The trends discussed in this paper will be 
limited to the following: (1) Planting equipment, (2) blocking ma- 
chinery, and (3) harvesters. 


Planting Equipment 


Until about 10 years ago sugar-beet seeding machinery consisted 
principally of fluted feed drills, either with shoe or disk-furrow 
openers, with the former predominating in the earlier types. These 
drills, still widely used, deposit a more or less continuous flow of seed 
into the opened furrow. The resulting stand is, of course, dependent 
upon the quantity and viability of the seed planted and the distribu- 
tion of the seed in the row. Drilled beet seedlings rarely come up in 
uniform distribution but more or less in clumps of seedlings, which, 
by many, is believed to be a favorable factor in attaining stands under 
erusty conditions of soil. Such distribution of seedlings, however, 
contribute to more difficult thinning conditions, since more finger 
work is required to thin out the clumps to single seedlings. 


Mervine and McBirney (5) in their studies of shoe and disk-fur- 
row openers over a period of years accumulated data showing advan- 
tages of disk-furrow openers and these seem to be gaining in grower 
acceptance. 


‘Agricultural Engineer, Experiment Station, University of California. 
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Plate planters are now attracting more and more attention as 
well as favor among growers. Rassmann manufactured a hill drop 
planter about 1932; planters of this type are used successfully in 
the northern states.? Hill drop planters deposit seeds in checks 18 
inches each way with clumps of seed varying from approximately 3 
to 8 seedballs to the hill. Such planting provides for cross cultiva- 
tion, but clumps of beet seedlings may require considerable finger 
work in thinning. 


Single Seedball Planter.—The desire to thin beets mechanically 
by eross cultivation or by ‘‘down-the-row’’ devices emphasizes the 
need of uniform seedling distribution in the row. Mervine and Mc- 
Birney (5) made many experiments with blocking devices and con- 
ducted research and development work on planting equipment to 
achieve better seedling distribution. In the course of their studies, 
each developed what has become to be known as a single seedball 
planter. Mervine, who had studied disk-furrow openers for planters, 
conceived the idea of a series of single seedball cups between the disk 
openers. These were arranged to receive single seedballs and drop 
them at regular intervals into the opened furrow. McBirney devel- 
oped the chain-feed single seedball planter, in which a chain equipped 
with small seed cups passes through the seedbox to pick up single 
seedballs, and then carry these through a tube for discharge near the 
base of the opened furrow. Both of these designs were quite satis- 
factory, although the chain feed was slightly the more accurate. Sub- 
sequent tests by these workers, however, with a commercial plate 
planter with plates designed for single seedballs showed field results 
comparable to those using the more complicated mechanisms of 
their own design, so it was concluded that commercial plate planters 
equipped with single seedball plates might well be used. A number 
of commercial companies now provide regular single seedball plates 
for the conventional types of planters. Some special planters of 
both the cup and plate types have been manufactured and used by 
growers with apparent success, but none of these seem to possess any 
marked advantages over the more conventional commercial units. 


Sheared Seed Experiment.—Single seedball planting while mark- 
ing an advance in controlled seed distribution does not completely 
overcome the problem of multiple seedlings. The advantages of sin- 
gle seedlings in the row are so apparent for efficient thinning oper- 
ation and particularly for mechanical thinning, that an attempt has 
been made to shear seedballs into segments, with the subsequent clean- 
ing and sorting of these into single-germ segments. Bainer (2) was ° 
successful in doing this in February 1941 by various ingenious meth- 
ods which included the up-grading of the seed in germination. Such 


*Rassmann Manufacturing Company, Beaver Dam, Wisconsin. 
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seed shearing has been tried in Germany (3), but for some reason it 
has not been adapted to field practice. Bainer’s (2) experiments are 
unusually promising, as is evidenced by his paper presented at this 
meeting. This sheared seed is successfully planted by special plate 
planters. As might be expected the number of single seedlings ap- 
pearing in the drilled row is materially increased. This condition in 
turn contributes still further to the ultimate success of cross cultiva- 
tion and row blocking, or even hoe blocking. 

Thus it may be stated that the trends in planting equipment for 
sugar beets is toward plate planters equipped with furrow openers 
and with plates designed to handle single seedball and single-germ 


segmented seed. 


Blocking and Thinning Operations 

Quite naturally the urge to improve planting equipment is close- 
ly related to blocking and thinning operations. With a good distri- 
bution of single seedlings, blocking and thinning operations by me- 
chanical methods become more practical and it is thought possible, by 
the more optimistic, to produce satisfactory crops with no hand-thin- 
ning work. Where flat planting is practiced, cross cultivation by 
using the regular beet cultivator equipped with suitable sweeps prop- 
erly staggered and spaced in accordance with stand conditions as 
worked out by Mervine (6) represents the simplest and most prac- 
tical mechanical-thinning equipment. Where ridge planting is prac- 
ticed then row blocking is necessary. Row-blocking equipment has 
received considerable attention, but it has not met the same general 
success that has come from cross cultivation. The cut-out double 
disk, such as the E.Z. row blocker developed about 1932, did not 
meet grower acceptance.* The Uddenborg blocker developed about 
the same time, which used a multiple blade-revolving wheel rotating 
at right angles to the row, was perhaps a little more successful.‘ 
But this principle has only recently received favorable grower at- 
tention in a machine developed originally as a cotton blocker.’ This 
unit by some reworking of knife shapes and adjustment of treads 
for beet work offers considerable promise as a successful row biocker. 
Several concerns are using this principle which seems to represent 
the most promising trend in row-blocking equipment. 


Harvester Development 


The many attempts made to develop harvesters offer a better op- 
portunity to study the trends in development than is possible with 
planters and thinning equipment. On the other hand, the lack of 
successful field units may detract from the value of any conclusions 


‘E. Z. Manufacturing Company, Lincoln, Nebraska, 1932. 
*Uddenborg, Rickard, Fort Morgan, Colorado, 1933. 
‘Dixie Cultivator Corporation, Dallas, Texas. 





PROCEEDINGS—THIRD GENERAL MEETING 245 


which may be reached from such a study. The large number of at- 
tempts made to develop a harvester, however, should show some com- 
mon trends. In all a total of 49 units have been analyzed, covering a 
period from about 1910 to date. Out of these, 2 distinguishing types 
of harvesters are evident: (a) Those which top the beet in place and 
subsequently lift the root, and (b) those which first lift the beet and 
then remove the top as a machine operation. There were 38 of the 49 
machines of the former type, and 11 of the latter. Single-row har- 
vesters have predominated since only 3 have been 4-row units, 9 of 
2-row units, and all of the remainder single row. Naturally, all of 
the earlier types were horse drawn, with ground-driven mechanisms. 
The ground-driven idea still prevails, but modern designers are lean- 
ing toward engine drives principally through tractor power take- 
offs. 


In order to diseuss the trends in harvesters, the machine elements 
will be taken up in the following order : 


1. Preparatory mechanisms such as coulters and disks. 
2. Topping mechanisms including both ground topping and 
machine-topping elements. 
3. Plows, or lifters. 
Elevating mechanisms. 
Soil-beet separation. 
Disposition of tops and beets. 
. Drive mechanisms. 
8. Mountings. 


The names of machines by using inventors’ or company names 
will be used where identification of principles is merited. 


Preparatory mechanisms include any device such as coulters, 
disks, fingers, and jointers, either used singly, doubly, or in combina- 
tions. The purpose of such devices is to prepare the beet for subse- 
quent operations, such as: Lifting; the removal of green or dried 
leaves and streamers; the breaking of the soil to reduce cloddiness ; 
the removal of soil from near the beet to permit parts of the lifting 
mechanisms to function more effectively, or for a combination of 
these purposes. Less than half of the machines studied used any 
form of preparatory mechanisms, there being only 19 out of a total of 
49, or approximately 39 percent. Of the 26 machines developed 
since 1929, 11 have had preparatory mechanisms. This again repre- 
sents only 39 percent. One might readily conclude from the data 
that such devices are of questionable value, or even unnecessary. It 
must be remembered, however, that many, even most of these units, 
have proved unfield worthy and, therefore, do not provide reliable 
data. 
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Coulters, or disks, running close to the row, tend to reduce 
streamer troubles for certain types of mechanisms such as straight, 
fixed knives and they may reduce weed trouble. Double disks, or 
coulters with jointers, to throw the dirt away from the beets, would 
seem to be in favor if such a mechanism is used at all. Fingers to lift 
the green and drooping leaves may also be used. The type of lifting 
mechanism used of course influences the necessity for preparatory 
mechanisms. 


Topping devices are discussed in the two general classes of: (1) 
Ground topping and (2) machine topping. 


Ground-topping equipment consists essentially of two controlling 
elements, and these may have fixed, or variable relations, with respect 
to one another. These are the finder and the knife. Thus if the 
finder is arranged to pass over the beet to sever a given or fixed 
thickness of material between the base of the finder and the cutting 
edge of the knife, it may be said to have a fixed cut. On the other 
hand, if these are designed for a variable relation, then it may be 
termed a variable-cut topper. Previous to 1929 mechanical ground 
toppers were almost without exception of the fixed-cut type. One de- 
veloped by Dawson had a variable-cut principle but it did not meet 
grower acceptance.® Since 1929 the variable-cut principle appears 
in practically all promising types of ground toppers. It may be stated 
definitely that the development trend in ground toppers is toward the 
use of the variable-cut principle. 


The type of finder used is extremely variable. There are 3 gen- 
eral types: (a) Sliding, (b) driven wheel, and (c) track. 


The sliding types may be flat plate, single bar, or multiple bar. 
Of these types the multiple bar has been used most, yet the flat plate 
is a close second. The former provides for more penetration into the 
crown of the beet, thus contributing to more accurate gaging in top- 
ping. Finders of the sliding type all have the disadvantage of trans- 
mitting high-lateral forces to the beet in the direction of travel, thus 
contributing to overturning moments in the beet, which must be re- 
sisted by the soil about the root. Where beets are high, or where the 
soil is soft the resisting moment may be too small to maintain the 
beet in a vertical position thus contributing to a slanting cut through 
the crown or failure to top at all. Knolle (4) analyzed these forces 
very well in his paper published in January 1940. The single-bar 
finder has been used but little, due to the difficulties of centering 
over the beet. It does have the advantage of better penetration into 
the foliage which is favorable to more accurate topping. 


*Dawson, J. B. Pompeys Pillar, Montana. 
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To overcome the problem of overturning beets, the driven-wheel 
finder has been rather widely used particularly in the earlier ma- 
chines. Since wheels are not quickly or easily centered, rather broad- 
faced wheel rims have been used. These may be smooth-faced, lugged 
or studded-faced, and ribbed-faced. Very little suecess has been ob- 
tained with the smooth-faced driven wheels, since such wheels do not 
climb over high beets readily, and neither are they successful in 
transmitting the force at the rim of the wheel to the crown of the 
beet to offset the shearing force of the knife. This objection has 
been overcome to some extent by the use of lugs, or ribs on the face 
of the rim, but finder wheels made of multiple plates or dises appar- 
ently offer advantages since such are more frequently used. The 
driven-wheel finder has been used 17 times in comparison to 7 in- 
stances for some form of sliding finder. It undoubtedly has advan- 
tages over the latter type, yet the wheel surface does not form a desir- 
able contact with the beet crown for all conditions of field topping. 


Driven-tracklayer finders provide some advantage over the 
driven-wheel types in that a better contact can be made with the beet 
erown. With one exception, these have been broad tracklayers, in or- 
der to overcome the problem of crown centering. Such a finder, how- 
ever, possesses some of the disadvantages of the sliding and wheel-type 
finders in the way of: top penetration and may be even less effective 
in this respect than the multiple-plate wheel finder. It is of interest 
to note that tracklaying finders were not in use previous to 1929, 
which places this type among the more recent developments. During 
this period it has out-numbered the wheel types 3 to 2. 


A more recent development has been the narrow tread, track- 
type finder developed by Powers (7) and reported at this meeting. 
Of necessity this type of finder requires a centering mechanism but 
it represents the most accurate ground-topping device that has been 
developed to date. Based upon the information obtained from this 
study, the track-type finder seems to offer advantages over other 
types, particularly if it can be made into a functional narrow tread 
and used in combination with a variable-cut mechanism. 


Where machine topping is used the beet must be removed from 
the soil as a preliminary to top removal. In most machines this in- 
volves the control of the beet by grasping the tops between various 
types of conveyors usually of the chain type, which carry the beets 
to topping mechanisms. The Scott-Viner harvester first developed 
about 1930 represents, in the opinion of the author, the most practical 
of this general type.’ It has a set of roller bars to adjust the place- 
ment of the beet to meet the topping knives. Another type of ma- 


7Scott-Viner Company, Columbus, Ohio. 
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chine in which topping takes place on the machine calls for hand 
placement of the beet for topping through mechanically driven re- 
volving knives or disks. These latter do not offer any great labor 
advantage and are rather dangerous to operate. It is apparently 
more difficult to gage topping as accurately with machine-topping 
devices than where ground topping is used. 


The form of the knife or cutting mechanism used in topping is 
quite variable. Rotating disks operated either singly or in pairs 
have been used by many designers both for ground and machine top- 
pers. Where driven-wheel finders have been used for ground topping 
a fixed or shear knife has been widely used. These latter may be 
placed to have the cutting edge at right angles to the row axis or at 
an angle to it. In some units a V-shaped knife is used with its point 
acting along the row axis. A narrow, thin knife with its edge at 
right angles to the row axis is used by a recent designer (Powers). 
Rotating disk knives have advantages in weedy fields, but where ac- 
curacy in topping and recovery of clean tops is important some form 
of fixed knife is preferable, yet these are more likely to clog from 
wet leaf streamers. Powers (8) in 1939 introduced the idea of a vi- 
brating knife which showed great advantages in the force required to 
shear the crown from the root. Relatively narrow, thin knives with 
the cutting edge designed to overcome streamer trouble may represent 
a trend for ground toppers, while rotating disks operated in pairs are 
preferred for machine topping. 

With but a few exceptions the plow or primary lifting mechan- 
ism of harvesters has been some form of double-pointed plow. These 
points have had various shapes, but a rather flat surface with the 
points curving downward so as to develop quickly an upward force 
to the beet by compressing the soil against the taper of the root with 
the approach of the plow to the beet seems to be favored. It is ap- 
parent the form or type of plow cannot be expected to be universal, 
since soil type and consistency as well as subsequent lifting opera- 
tions must influence the form and shape of the points to be used in 
a particular locality. However, some form of double-pointed plow 
represents the general trend. 

No type of mechanism has yet been developed, which under a 
wide range of field and soil conditions, successfully handles the beets 
so as to deliver these free from soil into any type of container or bin. 
Naturally there have been about as many different devices as ma- 
chines to perform this operation, but it is possible to observe some 
slight trends which may have significance. The open-chain elevator 
used in combination with rotating screens and other types of rotat- 
ing devices has been used more than any other. Under favorable soil 
and moisture conditions these work quite well, but in heavy dry soils 
the weight of earth coming up withthe beets may be several times 
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that of the beets. Examples of the more successful of such types may 
be found in the Great Western Sugar Company units and the Catch- 
pole.® 


Various methods for final separation have been attempted, in- 
eluding hand sorting of beets from clods, which may have merit for 
certain conditions, but in general the use of open-chain elevators with 
rotating screens does not offer promise of a complete answer. This 
has brought into consideration hand sorting of beets from clods by 
units such as reported by Armer (1) at this meeting. 


Attempts to avoid the mixing of loosened beets with large quan- 
tities of earth have brought into use various forms of fingers, rotat- 
ing bars, flexible rotating parts, and similar devices to throw the 
plow-loosened beets more or less free of the soil. Hammer Brothers 
about 1930 recognized possibilities in such a device; Rienks worked 
on a spike digger about the same time; and Zuckerman more recently 
tried out a similar idea. Walz was somewhat more successful and 
his ideas are now under commercial development.* Tramontini (9) 
conceived the idea of a vibrator lifter following the plow; more re- 
cently he has developed the roller lifter. In all of these conceptions 
the basic idea is to remove the beet from the soil by some form of 
contact with the root, rather than to handle a mass of roots and clods 
and then attempt to separate these through screens or chain mechan- 
isms. It is too early to state this is more than a trend as yet only 
partially proved, but it is a promising trend which represents recent 
developments. Machine-topping harvesters have an advantage over 
ground-topping types in that most beets may be engaged through 
grasping the tops. But good tops are not always present so these 
machines lack universal application. The Scott-Viner, a commercial 
unit of this type, represents the nearest approach to a workable field 
unit. 


The problem of top disposal by ground-topping harvesters is 
about worked out. Walz and Powers each have demonstrated this in 
their designs. At least it cannot be considered a control problem in 
harvester development. The final disposal of harvested beets is so 
closely related to dirt tare as to preclude definite trends. Where 
single-row harvesters are developed the delivery of beets directly to 
trucks is hardly feasible, since machine-field capacities of .35 to .40 
acre per hour will prevail. It can hardly be expected to double this 
capacity with 2-row units, and moreover, design problems in multi- 


Great Western Sugar Company, Denver, Colorado, and William M. Catchpole, 
Stanton, Bury St., Edmonds, Suffolk, England, 

*Hammer Brothers, Miller, Ohio; Rienks, George, Great Western Sugar Com- 
pany, Denver, Colcrado; Zuckerman, John, Stockton, California; Walz, Claude, Pu- 
eblo, Colorado, and John Deere Company, Moline, Illinois. 
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ple-row units become complicated. Therefore, the trend is toward 
single-row units, with possible delivery of harvested beets into field 
windrows, small machine bins, or field trailers. Just at present field 
windrowing seems to offer several advantages. 


The mountings for early machines were heavy frames carried 
for the most part on 4 wheels. They were tongue-guided, ground- 
driven, single row, and horse drawn. The trend today is toward 
tractor-mounted equipment, with power take-off mechanisms, yet 
self-propelled machines are not out of the picture particularly for 
large multiple-row field units. The trailer unit with power take-off 
drive offers certain advantages, but the problem of holding these on 
the row is difficult. 


The Future Field Harvester 


Based upon this review of progress during the past 30 years, in- 
cluding the author’s experience with experimental machines for a 
period of over 10 years, the following summary of trends for har- 
vesters is submitted. 

The future field harvester is most likely to be a single-row trac- 


tor-mounted unit with its mechanisms operated through a tractor 
power take-off. It will have hydraulic controls. It will have a 


ground-topping device consisting of a narrow tread, power-driven 
tracklayer, finders either used singly or in multiples with variable- 
cut mechanism, and narrow fixed knife with thin edge possibly 
shaped to prevent fouling. The preliminary equipment ahead of the 
topper will be either disks used in pairs with appropriate concavity 
and set to throw earth away from the beets, or coulters used in pairs 
with jointers to function in a similar manner. 


The plow will be double point with flat-surfaced blades curving 
downward at the points. These points will be set to give a relatively 
high initial vertical lift to the topped root after which it will be en- 
gaged by a revolving or rotatmg element, which may be any one of 
several forms, to lift the beet from the soil, as free of dirt as possible, 
onto elevating systems for delivery into field windrows or trailers. 
Tops will be picked up for windrowing or bunching. The capacity of 
such a unit should be about 4% to 2/5 acre per hour. Some field 
scavenging will be required for all initial designs. 
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A Mechanical Topper 


J. B. Powers! 


At our Denver meeting in 1940 some preliminary considerations 
in the design of an ‘‘in-place’’ topper were discussed. Three pre- 
mises were established as a guide for future development work. The 
thickness of cut must be increased approximately 0.3 inch for each 
inch of increase in beet height. The net down-row component of the 
force necessary to sever the beet crown must not exceed a maximum of 
approximately 8 pounds per inch of beet diameter in the plane of cut. 
The gaging and cutting mechanism which is raised by the beet must 
be accelerated in its fall by a spring force equivalent to approximate- 
ly 3 times the effective dynamic weight of the mechanism as re- 
ferred to the finder. 


Other features which were classed as desirable were the use of a 
narrow finder which could thread its way through heavy-top growth, 
and some method of maintaining the working parts in proper position 
with respect to original ground level, regardless of furrow depth or 
field irregularities. Two years of field experience has démonstrated 
that whereas certain of these features are unnecessary under some 
field conditions, all are essential to a machine with a wide range of 
adaptability. 

Development of Topping Unit 


A topping unit was displayed at our Denver meeting which rep- 
resented our first effort to apply some of these basic principles in the 
design of a field machine. It was functionally incomplete and diffi- 
cult to construct. Top disposal had not yet been considered, and no 
means had been provided to prevent the working parts from rising 
and falling with variations in furrow depth. 


Clogging of the shoe-type finder with leaves and trash could be 
prevented only by the use of leaf-conveyor chains which complicated 
construction. High, loosely held beets were frequently pushed over 
by the finder. An oscillating knife prevented beet breakage, but ne- 
cessitated light and expensive construction and was subject to clog- 
ging by wet leaf streamers and weeds. 


Recent Progress 


During the past 2 years many of these faults have been corrected 
and progress toward solution of the remaining problems has been 
consistent. A simple leaf-pickup device has been developed which 
consists of 2 oppositely rotating drums equipped with spring fingers. 


‘Associate in the Experiment Station, University of California. 
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Its action is independent of beet size or of quantity of foliage and 
its power consumption is low. It is also effective in sweeping leaf 
streamers and weeds from the topping knife. 


Erratic topping due to variations in furrow depth, irrigation 
dams, ditches, ete., has been eliminated by so mounting the topping 
unit as to permit freedom of movement in a vertical direction with 
respect to the frame or tractor to which it is attached. The unit 
rides on 2 shoes which slide along the ground immediately adjacent 
to the beet row. Since this ground is seldom disturbed by irrigation 
water, it provides a satisfactory datum from which to locate the top- 
ping mechanism. 


Many of the difficulties with the gaging and cutting mechanism 
were eliminated by a basic change in cutting principle. The narrow 
finder was retained because of its obvious advantages in heavy top 
growth, but it was equipped with a driven track along its leading and 
lower edges. This type of construction has 3 outstanding advantages 
over the shoe finder. It is self-cleaning and eliminates the trouble- 
some leaf-conveyor chains. Because of its climbing action, its ten- 
dency to push over beets is reduced to a minimum. Last, and most 
important, it eliminates the need for an oscillating knife, rotating 
dise, or other complicated cutting device. By applying a force to 
the beet crown in opposition to that generated by the cutting action, 
the net down-row thrust is reduced to the point where no breakage 
occurs. 


The original fabricated framework of the unit has been aban- 
doned in favor of cast construction. This has permitted better 
streamlining and has eliminated supports and braces which had con- 
tributed to the tendency of the machine to clog. All gearing and 
many of the other running parts are housed within the castings where 
they may be readily lubricated and protected from dirt. 


A system of coulters, jointers, and lifting points reduces the 
quantity of dead-leaf streamers and weeds which pass through the 
machine, and so orient the remainder that it is more readily shed by 
the knife. This feature is necessary in wet fields and of value under 
all conditions. 


Summary 
In reviewing the progress of our work, it is convenient to enu- 
merate the features in this topper which we believe to be unique: 


The narrow, self-centering, track-type finder. 


The principle of so mounting the-unit as to cause it to operate 
at a fixed distance above the level of the ground immediately adja- 
cent to the row. 
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The leaf-pickup device which combines the functions of top re- 
moval and knife cleaning. 


The use of a finder which may fall independently of the topping 
knife and thus support the beet crown until the cut is completed. 


. The principle of tilting the knife at ground level to permit its 
rapid penetration of hard ground. 


The use of a steering indicator which enables the operator to 
follow a row which is obseured by heavy top growth. 


No future change in the operating principles of any of the parts 
is envisioned, but mechanical development and refinement of many 
of them is necessary. Some of the improvements which must be 
made before the machine will be useful for field work are: 


Re-design of the finder track mechanism to permit longer pe- 
riods of operation without fouling from dirt and other foreign ma- 
terial. 


Development of a knife which either will be self-sharpening or 
will maintain a eutting edge for longer periods. 


Determination of the rate of wear of the various components 
and re-design for satisfactory life. 


Better streamlining of the trash-lifting points and the use of 
stiffer fingers in the leaf-pickup device to reduce the tendency of the 
knife to clog under wet, trashy conditions. 


The machine in its present state is functionally satisfactory un- 
der most of the field conditions in the various beet-growing areas. 
Its flexibility is perhaps the greatest point in its favor. It is not, 
however, developed to the point where it would be practical for con- 
tinuous use in farming operations. 





A Mechanical Beet Digger 


V. N, TRAMONTINI! 


It has been rather conclusively demonstrated that the most pre- 
cise method of topping sugar beets so far investigated is that in which 
the beets are topped in place, that is, before they are loosened from 
the ground. However, these ground-topped beets when plowed loose 
are very difficult to distinguish from the clods and soil, making 
manual pick-up a relatively slow and costly operation. Tests have 
shown that the considerable savings that accrue from mechanical in- 
place topping are consumed in the increased effort necessary to find 
the topped beets. Therefore, to be practical from a labor-saving 
standpoint, a harvest system employing in-place topping requires a 
mechanical lifter which will economically dig the beets, separate 
them from the soil and clods, and load them or place them in a con- 
venient position for loading. 


Need for Simple Mechanism 


For the United States the average acreage of sugar beets per 
grower is about 20 acres. A lifter to be justified for such acreage 
should be low in first cost and consume a minimum of power in op- 
eration. In addition, it should lift and separate topped beets from 


the soil and clods and elevate them sufficiently high that they may 
be conveyed to wherever necessary for loading. 


Thus the problem was to find a machine that would handle as 
little material as possible and, of course, the absolute minimum of 
material would be the beets. Obviously by lifting beets free from the 
soil and thereby affecting the separation at the ground surface, the 
machine could be made smaller at less cost and require less power 
than if both beets and the surrounding soil were lifted and the sepa- 
ration made in the machine. The problem was then reduced to de- 
vising a simple mechanism to lift beets without lifting the surround- 
ing soil mass. 


A mechanism capable of performing this operation would have 
to distinguish between beets and clods. Fundamental differences 
between beets and clods are found in the characteristic shape and 
toughness of the two. A beet is conical in shape and is able to with- 
stand considerable impact, whereas a clod is random in shape and 
breaks more easily. 


During the past 2 years of this co-operative research project, 2 
experimental lifters have been developed which use as a basis of beet 
and clod differentiation these two differences. The 2 lifters per- 


1Associate.in the Experiment Station, Davis, California. 






























































Schematic drawing of a mechanical digger 
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form the same function but operate on slightly different principles. 
The primary lifting element of the first machine considered is an 
oscillating V-fork. The latter machine employs rotating square 
shafts instead of the V-fork. The remainder of this discussion is de- 
voted to the description of their operating principles. 
Operation of Two Experimental Lifters 

Figure 1 is a schematic drawing of the first experimental lifter 
showing the 3 essential operating elements in their proper positions 
with respect to the ground. Part (A) is the lifter fork, (B) desig- 
nates the two tapered compressible rolls, and (C) is the inclined de- 
flector grill. Also shown is a loosened beet in various stages of be- 
ing lifted. The beets are loosened ahead of the lifter by a conven- 
tional 2-bladed beet plow. This type plow was selected because of 
its comparatively low draft and because it tends to align off-row 
beets. The plow is operated with less take angle than is normally 
used to prevent the beets from being lifted so high that they topple 
over. 
The principal element, the V-fork (A—fig. 1) is composed of 
2 rods joined to form a ‘‘V’’ with the open end at the front of the 
machine. The fork is circularly oscillated by means of phased eecen- 
tries or cranks, 2 at the front and 1 at the rear, which are rotated 
counter-clockwise as seen in a right elevation view. The eccentricity 
of the cranks is ¥@ inch giving a stroke of % inch. The rotational 
motion of the fork with respect to the machine combined with the 
translational motion of the machine with respect to the ground results 
in a cycloidal motion of the V-fork with respect to the ground. This 
is shown in figure 1 as the path traced by any point on the V-fork. As 
the machine moves down row the beet is contacted by each rod of the 
fork at some point along the fork where the separation is equal to the 
beet diameter at the depth at which the fork is operating which is 
usually slightly below ground surface. Since the V-fork rods con- 
verge at the rear, each beet is contacted and lifted regardless of size. 
For convenience of description, the stroke cycle (one loop of the ey- 
eloidal path traced by the V-fork) will be divided into four parts, 
beginning at that portion of the cycle where the V-fork is moving 
nearly vertically upwards with respect to the ground. It is during 
this period when the beet, wedged between the V-fork rods, is lifted 
a short distance. During the next quarter cycle, the fork moves back 
and down, releasing the beet. Then, for the third quarter cycle, the 
fork moves down and forward, and for the fourth quarter, up and 
forward again to make contact at a point lower on the beet. The 
eycle is repeated, the beet again being lifted a short distance. This 
short-lift process is repeated very rapidly, and the beet, because of 
its conical shape, continues to be lifted as the converging fork ad. 
vances; whereas a clod, because of its irregular shape, is bounced 
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about by the fork until broken or left in the row. The rapid action 
of the fork does not damage the beet. 

The speeds of rotation and translation, angles, etc., are related 
according to the following equation where w forward speed, feet 
per minute; N — rotational speed of cranks, revolutions per minute; 
l—lift per stroke, feet; @ —angle between rods of V-fork; and 
« == average beet angle: 

w .~) 
— tan —-= | tan «/2 
N 2 
The value of ‘‘l,’’ the lift per stroke, is dependent on the stroke 
and must be determined experimentally. The average beet angle ‘‘ « ”’ 
was found to be approximately 20°. Knowing these values, the above 
w 
relation is useful in design since, for example, the speed ratio — 
N 
ean be found for any value of ©. For one lifter built using the 
oscillating fork principle, the fork length was 2 feet, 6 = 20° and 
w/N = 0.0475 ft. per stroke or, inversely, 1850 r.p.m. per mile per 
hour. 

A lifter, to be of much value, must elevate the beets sufficiently 
high that they may be conveyed to wherever necessary for loading and, 
of course, the V-fork merely lifts the beets above the ground. To 
perform this function, 2 tapered pneumatic rubber rolls were mounted 
above the V-fork and driven in opposite directions so that a beet 
lifted upward by the V-fork is fed between the compressible rolls to 
be gripped and thrown upward at an increased velocity against the 
inclined deflector grill. The inclined grill deflects the beet to the 
side of the machine onto a conveyor but allows any fine dirt to pass 
on through. The actions of the fork, rolls, and grill all combine ef- 
fectively to clean the beets of adhering soil, which when wet is very 
troublesome. 

The location of the rolls with respect to the V-fork is an impor- 
tant factor. If the rolls are too high, beets topple over before they 
are gripped and lodge between the fork and rolls. If they are too 
low, an excessive amount of dirt is carried up with the beets. The 
rolls, which are 20 inches long, tapering from 6 inches to 3 inches 
nominal diameter, functioned best when the rear end centers were 
41% inches above the plane of the fork with the axes at a 12° upward 
slant with this plane. The axes include an angle of 13°. The rolls 
are hollow truncated cones with 4 horizontal rows of tread knobs on 
a % inch thick wall molded of rubber (60 shore hardness). They 
are clamped air tight at each end to a shaft and are inflated to ap- 
proximately 3 pounds per square inch gage pressure. The large de- 
gree of flexibility is necessary to allow for abnormally shaped beets 
and beets that are sometimes pushed over by the plow. 
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The principal difficulties experienced with the V-fork lifter 
were of a mechanical nature. Because of the high speed of operation, 
it was necessary to make the V-fork light in weight to keep the re- 
active bearing load within reason. Even though heat-treated high- 
strength alloy steels were used, the rods failed from repeated stress. 
Also, because the center of mass of the fork was not in the plane of 
the cranks, it was impossible to eliminate vibration with any simple 
counter balance. It was because of these and other design problems 
which did not admit of easy solution that it was decided to investi- 
gate other means of lifting beets free of the soil. 


By substituting simple rotating members for the V-fork, the 
inherent shortcomings of the high-speed oscillating mechanism were 
eliminated. These rotating members are 13-inch square shafts, 25 
inches long, placed to form a ‘‘V’’ with an included angle of 22°, 
much the same as the oscillating V-fork. The square lifter shafts are 
rotated in opposite directions and phased by means of a bevel-gear 
drive at the front, so that a beet fed between the shafts is gripped by 
the corners and raised. As the shafts continue to rotate, the beet is 
next released on the flats, then gripped and lifted by the following 
set of corners—released, raised, ete. As is readily apparent, this 
short lift, release cycle occurs 4 times per revolution of the shafts 
and at a sufficiently rapid rate (800 r.p.m. per mile per hour) that 
the beet is forced upward into the pneumatic rubber rolls. The prin- 
cipal advantage of the rotary over the oscillating mechanism lies in 
the simplicity and ruggedness with which such a unit can be built. 


A New Type of Harvester 


The latest lifter unit built with the rotating square lifter shafts 
was mounted on the rear of a light tractor in conjunction with a 
topper. This combine, or harvester, was operated satisfactorily in 
California, Utah, and Colorado this season. The greatest difficulty 
insofar as the lifter was concerned seemed to be in the plowing. The 
plow did not function the same under the many different soil condi- 
tions encountered. In wet soils, particularly, the plow used would 
tip over and cover many beets so that they were well under the sur- 
face. The lifter shafts which operate only slightly below ground 
surface of course would not pick up these beets. In field trials, the 
pick-up efficiency of the unit was found to vary from 90 percent to 
99 percent, peaking at approximately 95 percent. Beside the mal- 
functioning of the plow, there were several more or less minor prob- 
lems of construction that became apparent as a result of increased 
field experience this season. However, with the work that is now 
being done on plows, it is hoped that in the near future a new de- 
sign of this lifter can be made to operate continuously with. practi- 
cally 100 percent pick-up. 





Costs on Harvesting Beets With a Manual 
Sorting Lifter Machine 


AusTIN ARMER! 


A review of attempts at complete mechanical harvest of sugar 
beets reveals that separation of beets from soil has been an ever pres- 
ent obstacle. This is particularly true in the case of the heavy Cali- 
fornia soils which fracture into large hard clods and resist separa- 
tion by screening or agitation. 

The principle of removing beets from surrounding masses of 
clods by hand is appealing, since the human mechanism possesses 
visual discrimination between beets and clods as well as the physical 
ability to make the separation. Thus a sugar-beet harvester utiliz- 
ing these human abilities would give promise of being a stepping 
stone toward the ultimate purely mechanical device, and would be 
‘practical if the cost of the human element were not prohibitive. 


A Fieldworthy Machine 

Preliminary field tests were made in 1940 to indicate the cost 
of manual sorting of beets, and were sufficiently encouraging to 
warrant construction of a fieldworthy machine. The features of this 
.machine are outlined herewith: 

Two-row harvester. 
Draft and power supplied by 30 hp. tracklayer tractor. 
Ground-topping units with top windrowing conveyor. 

. Double-point plows to loosen beets. 

5. Kicker rolls to provide initial elevation of beets and separa- 
tion of fine soil. 

6. Elevators to place beets and large clods on sorting conveyors. 

7. Sorting conveyor belts positioned to accommodate 4 sorting 
operators. 

8. Hopper to receive sorted beets. 

9. Conveyor to elevate beets to truck. 

10. Chute to return clods to harvested rows. 

11. Bin to receive unacceptably topped beets for hand trim- 
ming. 

Field trials were made on the machine, both during and after 
construction, and numerous mechanical defects were revealed and 
remedied. The time lost in these preliminary tests, as well as that lost 
due to early rains, greatly shortened the period over which field 
studies could be made. Shortages of both labor and trucks still fur- 
ther reduced the time available for trials during the 1941 harvest 
season. Consequently, the data presented herewith are the result of 


1Associate in the Experiment Station, University of California, Davis, California. 
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harvesting only 3.05 acres of beets on the F. P. Wray field near 
Davis, California. 


This field was fairly typical of California beet fields. Morning 
glory, pigweed, and watergrass were present in small quantities 
throughout the field, and conditions were aggravated by large num- 
bers of volunteer tomato and grape vines. Fouling of these weeds in’ 
the beet-top conveyors was the greatest obstacle to continuous oper- 
ation. Stops for clearing weeds from these conveyors, on the av- 
erage, occurred once for each 1,100 feet of row harvested. 


Forward speed was limited by draft and power requirements of 
the machine, rather than by the ability of the sorting operators to 
maintain their pace, despite unusually large values of yield and 
stand. 

Two strips, 16 rows wide and 2,496 feet long, were harvested. 
This is an admittedly small sample of an 80-acre field, but is never- 
theless fairly dependable, since this field was very uniform in yield 
and sugar content. 


Performance of Machine.—The recovery of beets from the field 
was reasonably good. Whereas careful counts of beets revealed that 
an average of 4.23 percent by weight were left in the field, the loss be- 
came less in proportion to the experience of the sorting crew. The 
field loss dropped from 6.2 percent to 2.4 percent after 7% hours of 
erew experience. Observations on the rejected clods showed that 
almost no beets were missed by experienced operators, whereas about 
2 percent by weight were lost at various points on the machine be- 
fore reaching the sorting belts. 
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Figure 1.—Single unit, 2-row topping, lifting and hand Sorting beet harvester. 
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A more serious loss resulted from broken tap roots. Freshly dug 
beets are very brittle, and breakage of tap roots occurred on the 
kicker rolls, in the receiving hopper and in falling into the truck. 
Counts revealed that 75 percent of all beets had some tap-root break- 
age. The total loss by weight amounted to 5.6 percent. 


Despite the large field loss, totalling 9.8 percent, the sugar per 
acre delivered by the machine was greater than that recovered by 
hand labor in the same field. This is attributed to the loss in beet 
weight and sugar content when beets are lifted several days prior to 
hand topping. This finding is in accordance with the data published 


by Charles Price, et al.’ 


Table 1.—The following tabulation summarizes the factory tare laboratory findings 
on the 3.05-acre test. 





Tare Sugar Average 
percent- percent- beet Tons beets Tons sugar 
age age weight per acre per acre 





Machine harvesting; 

no scavenging 
Machine harvesting 

4.2 percent scavenging 

recovery 2.3 17.3 . 22.9 3.96 
Hand harvesting 2. 18.6 2. 19.6 3.55 


21.9 3.79 





The saving in sugar resulting from machine harvesting appears 
to be of considerable consequence, and might well be considered as 
indicating the importance of minimizing delay between lifting and 
topping by hand methods. 


Table 2.—Cost analysis of manual-sorting lifter machine. Following is a tabulation 
of the machine's performance in terms of labor requirements: 





a 

ee Se I ee re OB aiinicttinteengeiinciimme 

Output to truck (tons per hour of running time)... . 9.96 

Man hours per ton of beets delivered to truck 000000000000... 0.60 
(4 sorters, 1 top trimmer, and tractor operator) 





Field efficiency was not included in this tabulation, since only 
one truck was available for hauling. If an adequate supply of trucks 
had been available, the machine’s field efficiency would have been 
close to 60 percent, allowances being made for turning time and stops 
for clearing weeds from the mechanism. On the basis of 60 percent 
field efficiency, a comparison of costs is in order and is given here- 
with, both in man hours of labor and dollars of machinery operation 
and amortization. Hand-labor figures are based on a 20-ton yield. 


*Journal of American Society of Agronomy, Vol. 33, No. 10, October 1941. 
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Table 3.—Comparison of costs. 





Manual-sorting lifter machine Present hand labor 

Man hours per ton, $ 
topping and loading : 1.00 
Cost of lifting per ton 
Operating cost per ton*........... 


caseniesieniadeannemmnenascangiinnioel 1.42 
125 











*Based on $2,500 machine cost, $1.25 hourly tractor cost, 5-year depreciation, 5 per- 
cent interest, 10 percent annual repairs. 





Summary 


It is evident from these figures that the machine, as it performed 
on this test, had little to offer in over-all cost saving, but effected a 
30 percent reduction in labor requirements at the expense of increased 
operating cost. 

If this system of harvest is to be justified, the machine should 
embody the characteristics here summarized: 

1. Reduced power requirements, to permit higher forward 
speed. 

2. Development of a beet-top disposal system immune to foul- 
ing by weeds. 

3. Development of a beet-conveying system less damaging to 
tap roots. 





Recent Improvements in Sugar-Beet Seed 
Harvesting and Threshing Equipment 


A, A. Mast, R. C. Woop anp I. M. McDonaALp! 


Early in the development of the sugar-beet seed industry in the 
United States, the desirability of mechanizing the harvesting and 
threshing operations was recognized. At a meeting of the Associated 
Beet-Seed Producers in January 1937, a resolution was passed au- 
thorizing a survey of beet-seed harvesting and threshing equipment. 
In compliance with this resolution, a survey was made and a complete 
report prepared by the Engineering Department of the Amalga- 
mated Sugar Company. 

Work along this line was first started in Nevada in 1934 and in 
the Salt River Valley of Arizona in 1937. This paper deals with the 
work done in Arizona, but developments in other sections, which have 
been incorporated in ideas used in the Salt River Valley, are cited 
where known. , 


1Western Seed Production Corporation. 
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The Wells Brothers of Logandale, Nevada, were apparently the 
first to prove the practicability of beet-seed harvesting and threshing 
equipment. In 1934 they built the first beet-seed harvester, which 
was used for several seasons prior to the development in the Salt 
River Valley. They also were the first to use a thresher which picked 
up the windrow left by the harvester, hereafter referred to as a 


travelling thresher. 


In the spring of 1937, under the direction of H. A. Eleock, at 
that time in charge of the operations of the Western Seed Production 
Corporation, several beet-seed harvesters were built in the Salt River 
Valley. As was to be expected many defects were found, but the 
basic ideas proved to be sound, and improvements since that time 
have made them quite indispensable to growers with over 100 acres 
of seed. During the past season 13 machines were in operation, cut- 
ting over 80 percent of the entire crop, a total of 3,112 acres. 


Development of the Harvester 


The beet-seed harvester follows the general design of a grain 
header with respect to the arrangement of flat platform, reel, hori- 
zontal sickle, and stub conveyor, which, in this case, deposits the beet 
seedstalks in a continuous windrow. In addition, the beet-seed har- 
vester is equipped with a vertical sickle, which cuts free the over- 
lapping branches, and a conveyor for collecting shattered seed. The 
harvester platform is approximately 84 inches long by 54 inches wide 
and cuts 4 rows and deposits these in 1 swath. 


In the case of the Wells Brothers’ machine, an offset hitch was 
used. Because of the extremely heavy foliage common in the Salt 
River Valley, it has proved more satisfactory to push the machines 
from the rear. With this arrangement the machine is mounted on 
and entirely supported by a crawler-type tractor. The 40-horsepower 
size has been found to be quite suitable. 


Several basic improvements have been made over the past 4 years 
with respect to type of reel used, method of collecting shattered seed, 
distribution of weight, and replacement of platform canvas with a 
slotted wooden draper. 


In the survey previously mentioned, it was suggested that a reel 
working on the principle of the side-delivery rake would better serve 
the purpose than the rigid paddle-type reel with which the original 
machines were equipped. A universal reel was first tried out in 1938. 
It not only reduces the amount of shattered seed and loss in advance 
of the sickle bar, but does a far more efficient job of pulling the seed- 
stalks onto the platform draper. 





PROCEEDINGS—THIRD GENERAL MEETING 265 


Formerly the shattered seed collected from the platform was con- 
veyed by a scroll, which in turn delivered the seed to a paddle-type 
elevator equipped with a bagging spout. The use of an open-drag 
elevator, having an overhead return, has eliminated clogging and 
reduced the clearance required under the machine. 


Much has been done in reducing and redistributing the weight 
of these harvesters, resulting in less breakage and greater maneuver- 
ability in the field. Refinements, such as provision for raising and 
lowering the machine, and, also, the reel by adjustable levers, have 
permitted much better work. 


A slotted wooden platform draper in preference to the canvas 
draper was recommended in the report previously mentioned. Sev- 
eral machines have been so equipped. This type draper allows a great- 
er distance in which to separate the shattered seed from the foliage 
and gives longer performance. Being chain and sprocket driven, 
there is no chance for slippage as with a canvas draper. 


The practice of using the crawler-type tractor for propelling the 
beet-seed harvesters has several distinct disadvantages. Designed for 
a particular model tractor, changing tractors usually necessitates re- 
designing of the harvester with respect to mounting and bracing. 
The type tractor generally used is quite expensive to operate and is 
much larger than is necessary from the standpoint of power required. 
Two harvesters were built this past season, using, in one case, a 
4-wheel tractor and, in the other, a truck. For the 4-wheel tractor, 
the harvester was mounted on the rear and the tractor driven back- 
wards. Tried out this past season in the Mesilla Valley of New Mex- 
ico, this model gave excellent performance. In the case of the truck, 
the cutter was suspended from the back end, the front wheels moved 
back under the motor to give a shorter turning radius and the truck 
driven to the rear. While this machine had many shortcomings, it 
demonstrated beyond question that this arrangement was entirely 
practical. 


As the mechanical harvester cuts and lays the seedstalks in a 
continuous windrow it is highly desirable to thresh from the windrow, 
if labor costs and shatter are to be held to a minimum. 


Development of the Thresher 


Consequently the development of the travelling thresher has gone 
hand in hand with that of the harvester. The Wells Brothers of 
Logandale, Nevada, used a No. 36 Caterpillar Combine with a pick-up 
attachment. In the Salt River Valley, no combines have been found 
with sufficient capacity to thresh the crop properly. 
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In an effort to get a thresher with enough capacity to handle 
the windrow, W. O. Meier, a Salt River Valley grower, in the spring 
of 1937 converted a 36-inch Case thresher into a traveller. This was 
done by putting on rubber tires, redesigning the feeder for use with 
a rotary pick-up and pulling through the field from an offset hitch. 
The machine is powered by a motor mounted on top. Except for the 
rotary pick-up, which was very wasteful and inefficient, soon‘ re- 
placed by an Allis-Chalmers’ type draper pick-up, this machine is 
still being used with only minor changes. This past season 17 travel- 
ling threshers and 6 combines threshed over 80 percent of the entire 
acreage harvested in the Salt River Valley, a total of 3,132 acres. 


Travelling threshers built since that time are fundamentally the 
same. In two cases these were built to be self-propelled, one driven 
from the rear wheels and the other from the front wheels by using 
the front-end assembly of an old FWD truck. The rear-wheel drive 
gave considerable axle trouble and was not satisfactory, but the front- 
wheel drive, driven by an auxillary motor, worked very well. Two 
machines are pushed from the rear, but are difficult to manipulate 
because of the inability of the operator to see the pick-up. 


The most common difficulty encountered with the travelling 
threshers has been the building of a pick-up which will pick up the 
windrow with a minimum of shatter and feed it into the cylinder 
properly, without allowing the shattered seed to be lost. To accom- 
modate a heavy windrow, the pick-up should be 5 feet wide. The 
cylinder widths vary from 32 inches to 40 inches, depending upon the 
size of the machine used. This means reducing the width of the feeder 
20 inches to 28 inches, which is the source of the trouble. 


To overcome this difficulty, one grower built the cylinder out 
to the same width as the pick-up. This not only entails considerable 
expense but has the disadvantage of having a cylinder too wide to 
permit satisfactory removal of seedballs from stems, because material 
going into it is insufficient to permit a good job of removing seed. 


The best method has been to use a horizontal wooden slat draper 
on which the inclined draper dumps the stalks and seed for feeding 
the material into the cylinder. This permits feeding straight into 
the cylinder rather than on an angle. 


The types of screens and straw racks used vary considerably. 
Two types of straw racks are used. One is a metal rack made from 
corrugated iron, with the corrugations transverse to direction of seed 
travel and \%-inch holes in the valleys to permit the seed to fall 
through. In this case, grates are used, introducing the maximum 
amount of seed directly onto the grain pan. The other type straw 
rack is built of wood, with 44-inch square strips running lengthwise 
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and 14-inch quarter round running crosswise. Both are spaced 1 inch 
between centers, giving openings %-inch square. Grates are blanked 
off when this rack is used to force all the material onto the straw 
rack, thus relieving the load on the grain pan. This type of rack is 
more extensively used. 


Sereens vary from flat screen with round or oval hole to the 
Closz adjustable sereen, with the Closz adjustable screen predomi- 
nating. 

All machines are equipped with a section of 7/64-inch screen 
as the bottom of the shoe and a portion of the grain pan. These serve 
to remove a great amount of leafy material and small seed. 


With the idea in mind of increasing the capacity of available 
threshing equipment and at the same time reducing the quantity of 
material sacked as field-run seed, it has been proposed that a rough 
job of threshing be done and the seed recleaned or scalped by a clean- 
ing mill set up in the field. With this arrangement seed would be 
collected in a suitable hopper installed on the thresher, from which 
it would be dumped into trailers and hauled to a central cleaning 
station. Recleaners installed directly on threshers, under our condi- 
tions, tend to limit thresher capacity. A separate field station re- 
cleaner could have capacity sufficient to handle material from several 
threshers. It could be operated over a longer period of time a day 
than the threshers. It is quite possible that the tare of seed as deliv- 
ered to main cleaning plants would be reduced by from 50 percent, 
or more, which would result in the following advantages: 


1. Reduction in storage space required for thresher-run seed. 

2. Reduction in costs of delivery of thresher-run seed to clean- 
ing plant. 

3. Reduction in cleaning costs. 

4. Reduction in number of field bags required. 


5. Earlier completion of threshing. 
6. Eliminate sacker and jigger on each thresher served. 


A cleaning mill that would handle around 100,000 pounds field- 
run seed per 24-hour day can be purchased for $1,000.00. This would 
give a capacity sufficient to handle the output from 4 or 5 machines 
under our conditions. 

The development of mechanical methods of harvesting and 
threshing has played an important part in sugar-beet seed production 
in the Salt River Valley. From 1938 up to the present time some 
7,344 acres, producing around 12 million pounds clean seed, have 
been cut with mechanical windrow machines and all but a small part 
of this acreage threshed with travelling threshers. At this time this 
development is of increasing importance in Arizona, and in the other 
beet-seed producing areas as well. 





Mechanical Cross Blocking 


Forp Scatter! 


The information contained in this paper reports the findings 
from a series of mechanically cross-blocked plots handled under the 
supervision of the Utah-Idaho Sugar Company. These plots were all 
situated in the Upper Snake River Valley of Idaho and were well dis- 
tributed throughout the 5 factory districts. Each plot was 1 acre in 
size and was planted with the sack-run seed through standard drills. 
Five cross-blocking studies were selected which had formerly been 
given trials in California. These studies are are follows: 





Plot Block Centers 
Code acreage (inches) (inches) Procedure 





20 To be thinned with 
long-handled hoe 

10 To be thinned with 
long-handled hoe 

10 No hand work 

8 No hand work 

5 To be thinned with 
long-handled hoe 





The fields on which these studies were conducted were selected 
prior to thinning. One acre of each of these fields was measured off 
and mechanically cross blocked, using an adjacent acre as well as the 
entire field as a check. The greater part of the cross blocking was 
done with knives; however, flat duck feet were also used and proved 
to be more effective. Each of these studies was replicated 8 times, 
and the information contained in the tables at the end of this paper 
deals with average of the 8 replications. 

Two weeks prior to the harvest season very extensive counts were 
made on all of these plots in order to obtain accurate harvest data. 
The weights of beets as well as the total weights per block were de- 
termined by actually pulling the beets in each block and weighing 
them on hand scales. As will be noticed, these beets were also checked 
for sugar content and purity in an effort to see what, if any, influ- 
ence the population of beets had on the sugar content. 

On code A the sugar content as well as purity rose successively 
higher as the population per block increased. This, however, was not 
borne out in any of the other studies. In a good many cases the av- 
erage did not always show the true picture. 

For example: Under code A we will note that the average tons 
per acre of the 8 replications was 14.393 tons per acre. This tonnage 
was not a fair example of the possibilities of this study. Four of the 
replications, through misunderstanding, were hoed practically to 
singles with an average of 62 beets per 100 feet of row. These 4 
showed an average tonnage per acre of 11.533. The other 4 which 


1Utah-Idaho Sugar Company. 
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were hoed to doubles with a small percentage of triples had an aver- 
age population of 96 beets per 100 feet of row. The average tonnage 
of these 4 replications was 17.253. Thus, we can readily see with this 
wide spacing it is imperative that doubles are left with enough triples 
to make up the mortality rate in machine blocking. Of the 5 studies 
code A showed the best results. Due to. the small amount of blocks 
that are left there is much less work for hand labor than in the other 
studies. No trouble arose at topping time as these beets were all 
good-sized beets. The losses in non-marketable beets were negligible 
and the tonnage, in spite of the low population on 4 of the replica- 
tions, was better than the district average. It is imperative with this 
study that the germination stand be quite thick as the cuts are large 
and any blanks that are left leave wide gaps in the beet row. 

Code B also gave us a good tonnage. The populations on indi- 
vidual replications varied from 167 beets per 100 feet of row to 80 
beets per 100 feet of row. The labor involved in thinning these with 
a long-handled hoe was slightly greater than that in code A. This 
was due mainly to the fact that there were considerably more blocks 
to be thinned than in code A. A rather high-mortality loss was ex- 
perienced in the cross blocking, the loss being about 36 percent of a 
perfect stand. The majority of the blocks contained only 1 or 2 beets 
with only about 12 percent of total blocks containing 3 or more beets. 
Those blocks containing 3 or 4 or more beets resulted in an average 
loss in non-marketable beets of .41 of a ton. It was estimated that 
another .65 of a ton of small marketable beets was lost in the field. 

Both code C and code D showed rather poor performances. Ex- 
tremely high populations were experienced, due mainly to the fact 
that practically 75 percent of the blocks contained 3 or more beets, 
and as a result there was a very high loss in beets at harvest time. 
Weeding costs were higher than normal due to the extremely heavy 
foliage. Topping cost would in these studies prove to be prohibitive. 
With average populations being in the neighborhood of 225 beets per 
100 feet of row and individual replications having populations as high 
as 330, labor would haye to top 2 and 3 times the number of beets 
and still get a lower tonnage than they would with standard thin- 
ning. In the case of code C, 1.41 tons were lost in non-marketable 
beets and additional beets lost in topping, and in the case of code D, 
1.93 tons were lost. In both cases 80 percent of the total loss came 
from those blocks containing 3 and 4 or more beets. 

Code E showed a fair tonnage but here again losses were quite 
high in non-marketable beets and additional beets lost in topping. 
The large number of blocks left in cross blocking on 5-inch centers 
resulted in a high population (176 per 100 feet of row) in spite of 
the fact that these plots were thinned with a long-handled hoe. This 
study would, undoubtedly, show better results on fields where the 
germination stand was not too thick. The tables are self-explanatory. 
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Table 3.—Field and harvest data. 
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Beet Population Secured with Single Seeding 
' and Cross Blocking 


H. J. VENNING Jr., R. S. LAMBDIN, AND Wo. R. Liver! 


During the planting seasons of 1940 and 1941, stands resulting 
from use of single-seed drop drills were counted and compared with 
those resulting from conventional-type drills. These counts were 
made in fields in the Woodland area. Various growers were fur- 
nished the single-seed drop equipment for their drills and planted 
the tests under the supervision of the field superintendents in their 
districts. 

Several strips of each treatment were planted in each field and 
staked so that counts could be made of the stands resulting. In 1941, 
5 growers cooperated and planted check strips in their fields. In 1940, 
there were 8 cooperators. 

In all tests the 50-cell single-seed drop plate was used in a Model 
32 John Deere drill. The conventional-type drill was a 30-cell plate 
in a Model 32 John Deere drill. This Model 32 Drill with a 30-cell 
plate has been used very extensively in this area and lent itself very 
well for making these tests. . 

The results reported for the 1941 tests are the average of 6 dif- 


ferent plots. There were 10 counts made in each strip, and there 
were 3 strips of each treatment in each plot. The 1940 tests are the 
average of 12 different plots of the same set-up as the 1941 tests. 
The results obtained are shown in the following table: 


Table 1—Comparison of stands planted with single-seed drop drills and conven- 
tional-type drills. 





1941 tests 
Total Inch spaces 
plants es ' 
per 100 Single Multiple No Thinned 
inches plants plants plants stand 


Single-seed drop plate 50-cell 18 3% 6 11 73 
Single-seed drop plate 50-cell 4 8 8S 
Conventional drill 9 4 33 63 








1940 tests 
Single-seed drop plate 0 83 18 2 41 
Conventional drill £ 121 21 33 46 





Counts were made on the basis of the total number of plants per 
100 inches before thinning. The counts were made as soon as possible 
after all the seed had germinated and the seedlings emerged from the 
ground. Each inch space in the 100-inch count was classified as to 
whether it contained no plants, single plants, or multiple plants. 


Spreckels Sugar Company. 
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For a beet every 10 inches it would be necessary to have 10 sin- 
gles properly spaced in each 100 inches. In most cases this was not 
true. However, the single-seed drop drill spaced the seeds so that 
even though some of the inch spaces were classified as multiples, it 
was possible to thin them to singles with a hoe. 

The growers cooperating in these tests found that the labor could 
thin stands from single-seed drop plates faster than those from con- 
ventional-type drills. An accurate check was made on one grower 
and the following figures were obtained : 


-- 





Table 2.—Cost of thinning single-seed drop stands—1940. 


Inch spaces 
Total Thinning Percent- 


plants Mul- cost age 
Rate of per100 Single tiple No Thinned per decrease 
seeding inches plants plants plants stand acre* in cost 








Single-seed drop _ 
plants DO cell 7.08 67 18 61 119 $ 7.74 41.7 
Ventura Maid 13.33 105 32 50 138 12.44 6.3 


Conventional 
drill 13.35 104 29 nO 126 13.28 





*Thinning done by same laborers on each treatment. Actual cost per acre at 40c 
per hour. 


The apparent reason for the reduction in cost of thinning the 
single-seed drop stands is due to the fact that the labor did not have 
to do any finger work in reducing multiple combinations to singles. 
It would have been practicable to thin the single-seed drop stands in 
this plot with a long-handled hoe. This is being done by some grow- 
ers. 

The use of single-seed drop plates has shown in the cases involved 
that practical stands of thinned beets can be planted with them. It 
is also apparent that labor can cover more ground thinning stands 
planted with single-seed drop plates. This is especially true when 
low-seeding rates are used. 


Cross-Blocking Tests 

During the season of 1941 a cross-blocking test was carried on in 
the Woodland area. A field was selected that was of a more or less 
average fertility level and that had had some watergrass in it during 
previous beet crops. 

Stands were planted with both conventional drills and single- 
seed drop plates at rates of 5 to 8 pounds, 8 to 12 pounds, and 12 to 
16 pounds of seed per acre for both drills. There were 3 replications 
of each drill and rate of seeding treatment. Blocks were laid out 
across these treatments for cross-blocking and regular thinning. 
There were 3 replications of these treatments. The results obtained 
are shown in table 3: 
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Table 3.—Results of cross-blocking seedling stands. 


Pre-thinning stand 





Total No. Inch Inch 
seedlings spaces Inch spaces spaces 
Treat- per 100 with with more with 
ment Pounds inches single than single no 
No. of seed John Deere drill of row beets beets beets 





5to8 32-cell plates 58.5 9.9 19.9 70.3 
8 to 12 32-cell plates 78.0 12.3 25.9 61.7 
12 to 16 32-cell plates 131.1 10.1 37.5 52.5 
5to8 50-cell plates 58.8 11.3 18.7 70.1 
8 to 12 50-cell plates 74.1 11.5 23.1 65.4 
12 to 16 50-cell plates 79.4 11.1 25.7 63.1 





Thinned stand 








~ ‘Regular thinned stand Cross-blocked stand 


Beets Percentage Blocks with 
per doubles beets 
100 feet in 100 feet per 100 feet 

of row of row of row 





95.4 2.5 26.3 
32-cell plates 97.5 . 30.8 
32-cell plates 112.4 J 45.1 
50-cell plates 90.6 J 28.8 
50-cell plates 102.2 J 35.4 
50-cell plates 111.3 . 34.7 








~ ‘Yield 


Per- Sugar Per- Sugar 
Regular centage per Cross- centage per 
thinning sugar acre blocking sugar acre 








5to8 32-cell plates 17.68 15.7 5552 11.88 14.1 3350 
8to12 32-cell plates 17.52 16.4 5747 12.82 15.4 3949 
12to16 32-cellplates 18.25 16.3 5950 14.12 15.1 4264 
5to8 -cell plates 17.35 15.3 5309 9.87 13.7 2704 
8to12 50-cellplates 19.56 16.7 6533 13.25 15.2 4028 
12to16 50-cell plates 18.10 16.4 5937 13.08 14.5 3793 





Conclusion 

1. There is a significant difference in favor of regular thinning 
as compared with cross-blocking. 

2. There is no significant difference between 30-cell plate and 
50-cell plate. 

3. There is a significant difference in all cases in favor of 
groups 2 and 5 (8 to 12 pounds of seed) over groups 1 and 4 (5 to 8 
pounds of seed). 

4. There is no significant difference in favor of groups 3 and 6 
(12 to 16 pounds of seed) over groups 2 and 5 (8 to 12 pounds of 
seed). 

The cross-blocking was done on 20-inch centers with 3-inch blocks 
being left. This was done just prior to the first cultivation. The 
regular-thinned plots were thinned in the usual manner. At hoeing 
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time all plots were handled at the same time. In the cross-blocked 
areas some blocks were trimmed down a little if they were thick with 
plants. 

There was considerable watergrass in these plots. When the 
plots were thinned the labor removed all watergrass from the rows. 
This was not done in the cross-blocked plots until they were hoed. 
The grass was quite large at this time and it was difficult to remove 
it from the blocks. 


It appears that under the conditions of this test cross-blocking on 
20-inch centers caused a significant decrease in yields of beets per 
acre. This is contrary to results obtained in other sections. Further 
tests in the Woodland area are to be carried on in an effort to find 
if the results obtained this year are reliable. 





Cross-Cultivation of Sugar Beets 


R. J, Trnetry1 


The original intention of this work was to compare the practice 
of cross-cultivating beets on 20-inch centers with conventional hand 
thinning on a practical field basis. This practice should not be con- 
fused with cross-blocking or other mechanical means of performing 
the blocking of beets in the row, as a part of the hand-thinning op- 
eration. 

The theory on which this practice is based is: If the cross-cul- 
tivating is done in such a manner as to leave approximately the same 
nopulation of beets per unit of row or acre, the final yield will ap- 
proximate that ordinarily secured under conventional hand-thinning 
methods. 

Advantages of Method 

The general use of this method was first conceived under condi- 
tions of a plentiful labor supply and low beet prices, with the idea in 
mind of reducing the costs of production sufficiently to provide a 
fair profit to the grower with existing low returns. This cultural 
method may now be more important as an actual labor-saving prac- 
tice, particularly to reduce the number of workers needed and to en- 
able the grower to handle comparatively large acreages satisfactorily, 
even if all planting has to be done in a short period of time. It is 
now apparent that by cross-cultivating sugar beets, any grower can 
properly cultivate his entire acreage and reduce the number of beets 
in the row in time so that there is no shock or delayed growth which 


‘Holly Sugar Corporation, Hamilton City, Calif. 





PROcEEDINGS—THIRD GENERAL MEETING 279 


usually oceurs following the conventional-thinning operation. Under 
any conditions, excepting the most favorable, the soil can be more 
completely cultivated and the number of beets and weeds reduced in 
the entire field much sooner in the growing period than by waiting 
for a small crew of thinners to complete a normal-thinning job. This 
advantage alone may more than offset any disadvantage of several 
beets growing within a hill. 

The experience gained during the last 2 years certainly proves 
that the practice of cross-cultivating should not be attempted as a 
poor farming practice or a means whereby a crop can be grown with- 
out careful work and supervision. This program can only be suc- 
cessfully carried out when it is preceded by careful seedbed prepa- 
ration work, good seeding, and accurate cultivation both with the 
rows and across them, and the proper timing of each operation. 


Discussion of Experiment 

The experimental data herein presented was all accumulated 
on the Holly Sugar Corporation Ranch at Hamilton City, California, 
in cooperation with its tenant, C. F. Haines. During 1940, he cross- 
cultivated 293 acres and thinned 475 acres. During 1941, his entire 
planting of 750 acres was cross-cultivated and handled in this man- 
ner with a very small number of men as compared with hand thin- 
ning. 

The general practice followed by Mr. Haines after the beets were 
up was to cultivate carefully with the rows with a set of dises and 
knives, and then roll with a Western Land Roller. This operation 
was followed within a few days by cross-cultivating with the same 
tools on a cultivator equipped with a dise-marker. A remarkably ac- 
eurate job of spacing the rows had been done with a good operator 
using a 6-row cultivator on a small rubber-tired tractor. 

All of the cultivating was done with the cultivator tools set on 
20-inch centers and the width of the spacing for the hill was deter- 
mined in each field by the stand and soil conditions. The dises were 
usually set to leave from 3 to 5 inches un-cut in the row. Mr. Haines 
has attempted to regulate this width to leave at least 90 percent of 
the hills with 1 or more beets in them. It is possible that good even 
stands secured with some type of single-seed planting equipment may 
be cultivated to leave even a higher percentage of hills with plants in 
them. 

After the first cross-cultivating, it has been the general practice 
to cultivate them at least once more with the row, and once more 
across the rows before they are hoed. This provides very complete 
soil tillage and destroys all of the weeds except in the hills. This 
practice is bound to conserve moisture and produce the maximum 
beet growth possible during a period which might not, by customary 
hand thinning, have produced much root development. 
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The hoeing operation is done with long-handled hoes and the 
men work back and forth across the field rather than in the direction 
the beets were originally planted, so they can readily see the number 
and spacing of the beets in the hill. By careful work these men have 
been able to reduce the number of beets in each hill to from 1 to 5 
without any finger work. 


In actual practice during 1940, this operation cost from $1.55 to 
$4.37 per acre with men being paid 35 cents per hour. On about 125 
acres one additional hoeing was performed at a total average cost of 
$4.35 per acre compared to 168 acres which were hoed but once at a 
eost of $4.37 per acre. These amounts constituted the total hand- 
labor cost up to harvest. 


In 1940, 3 plots were laid out in 3 different fields just after the 
first hoeing was completed. They were located in what appeared to 
be average conditions existing in each field and were 4 rows wide and 
100 hills long, so that there were 1,200 hills included in the data se- 
eured. A careful count of the number of beets at that time showed 
that an average of 2.86 beets were left in each hill. At harvest time 
there was an average of 2.39 beets in each hill with the following dis- 
tribution : 





2 beets 3 beets 4 beets 5 beets or more Blanks 
2.2 percent 26.9 percent 17.7 percent 10.3 percent 44 percent 20.5 percent 





The 1,200 hills would represent 2,000 feet of continuous row. A 
total of 2,827 beets or 141 per 100 feet of row were counted following 
the first hoeing, and 2,283 beets or 114 per 100 feet were harvested. 


Figure 1 shows the average weight of each beet and the total 
weight of beets per hill for the 1,200 hills weighed in 1940. The ac- 
tual yield of the 293 acres cross-cultivated was 16.38 tons per acre and 
the 475 acres hand-thinned produced only 13.73 tons per acre. How- 
ever, there were no direct comparisons between the two methods ex- 
cept that all of the cultural practices were carried on by the same 
men and equipment, and in the same general manner in both cases. 
This illustrates the fact that, while the size of the individual roots de- 
ereases as their number in each hill increases, the total weight of 
marketable beets remains about the same with 2, 3 or 4 beets grow- 
ing in hills 20 inches apart in a row, and their weight will be greater 
than that of an individual beet in 20-inch spacing. 


In 1941, the plots were not laid out at hoeing time so that there is 
no information available on the number of beets left per hill and 
stand. The weight and distribution data are calculated from 6 dif- 
ferent double rows 100 hills long, representing 1,200 hills, which were 
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selected at random during harvest. There were 123 beets per 100 
feet of row in this 2,000 feet, with the following distribution: 





1 beet 2 beets 3 beets 4 beets 5 beets or more Blanks 
19.7 percent 23.6 percent 19.1 percent 11.2 percent 7.2 percent 19.2 percent 





Figure 2 shows the average weight of each beet and the total 
weight of beets per hill in this trial. The results in 1941 correspond 
fairly closely to the previous year. 


The cost of hoeing in 1941 was considerably higher than in 1940 
due to several factors: (1) The rate per hour was increased to 40 
cents; (2) a poorer class of labor was available; (3) the later season 
and more frequent irrigations caused more weeds. The actual re- 
sults on about 400 acres hoed once, and 350 acres hoed twice show a 
total cost for hand labor up to harvest of $7.38 per acre. Hand thin- 
ning and hoeing two times under comparable seasonal, soil and weed 
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conditions would probably have cost $8.00 per acre for thinning, and 
about $6.00 per acre for hoeing. 
Summary 

The general conclusions drawn from the experience with these 
specifie plots, which were studied in considerable detail, and the 
more than 1,000 acres of field practice on the Hamilton City Ranch 
in 1940 and 1941, as well as several other growers’ results on smaller 
acreages, may be summarized as follows: 


1. Any beet grower who has sufficient equipment and experience 
to grow a good crop under conventional hand-thinning methods can 
cross-cultivate his beets and produce a satisfactory crop at a sub- 
stantial cash saving, and materially reduce the number and skill of 


the hand laborers required. 
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2. The general field practices need to be carefully and ac- 
eurately done to secure good results. 

3. The hoeing job should reduce the number of beets per hill 
to leave 2 to 4 plants. 

4. The cross-cultivating, particularly if it includes deep chisel- 
ing, will definitely improve the penetration of irrigation water in 
tight soils. 

5. Cross cultivation completed early will improve soil moisture 
by creating a more complete mulch, and will save moisture and soil 
fertility by preventing the early, heavy growth of the beets which 
are not needed, and weeds which are otherwise left in the row until 
thinning is done. 

It is expected that there will be a substantial increase in the 
sugar-beet acreage handled by the cross-cultivating method in the 
Hamilton City District. in 1942 with the view of reducing labor 
problems and costs. 





Methods and Equipment for Fertilizing 
Row Crops 


R. A. Jones! 


There are three distinct methods of fertilizing row crops: (1) 
Broadcasting before planting, (2) fertilization at planting time, and 
(3) side-dressing after the crop is planted. 

With the first method, the fertilizer is usually applied to the 
soil just prior to planting. A combination grain and fertilizer drill 
is the implement most commonly used, since with this implement the 
fertilizer can be drilled into the soil at any desired depth. Other im- 
plements, such as fertilizer-broadeasting machines manufactured by 
all implement companies, end-gate lime and fertilizer spreaders, and 
home-made cylinder spreaders such as the water-tank spreader, can 
be used to distribute the fertilizer evenly over the soil. With the 
broadcasting equipment, the fertilizer is usually distributed just prior 
to final preparation of the seedbed, as through preparation of the 
seedbed, the fertilizer becomes mixed with the top soil. 


Advantages of Broadcast Method 


The broadcast method of fertilization has a number of advan- 
tages: (1) It permits the use of heavier applications of fertilizer at 
planting time without the danger of seed germination injury; (2) 


1Anaconda Sales Company. 
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the heavier amounts applied furnish a steady supply of plant food 
throughout the growing period; (3) residual effect on succeeding 
crop is more uniform. 


With the broadcast method of fertilization it is advisable and 
profitable to use heavier rates per acre than is the case with other 
methods of fertilization. The main factor favoring broadcast appli- 
cation to row crops is the elimination of any danger to seed germina- 
tion. 


Method of Fertilization at Planting Time 


Fertilization at planting time is one of the most common methods 
of fertilizing row crops. This method conserves labor, since fertiliza- 
tion is accomplished along with the seeding operations. With this 
method the fertilizer is placed in close proximity to the seed. Ac- 
cordingly, this furnishes the tiny plants with a supply of available 
plant food during the initial growth period. This is quite beneficial, 
since it causes more rapid growth and in the case of sugar beets per- 
mits thinning to start a few days earlier. This method of fertiliza- 
tion permits maximum results from a minimum amount of fertilizer. 
In fact, it is not advisable to apply very large amounts of fertilizer 
per acre when applied at planting time due to possible seed germina- 
tion injury. 


Fertilization at planting time is accomplished by use of fertilizer 
attachments on the seed planter. Most implement concerns manu- 
facture fertilizer attachments for the various planters. 


Side-dressing Method 


The third method, side-dressing, is growing in popularity. This 
method of fertilization has several advantages. 


Advantages.—1. The fertilizer is applied at the side of the 
plants and at a depth most advantageous for maximum utilization by 
the plants. With phosphates it is near enough to the roots to be kept 
in a soluble state by the carbon-dioxide given off by the roots. 


2. The fertilizer is applied deep enough in moist soil that it be- 
comes quickly available ; also, it is not hoed out on top of the soil and 
away from the roots during thinning as is the case when applied di- 
rectly with the seed. 


3. Side-dressing provides an easy method of fertilization at any 
time after the crop is planted. Since side-dressing equipment is usu- 
ally attached to the cultivator, fertilization can be accomplished dur- 
ing any cultivation. 
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4. Side-dressing permits correcting plant-food deficiency symp- 
toms at any time these symptoms show up in a crop. 


A number of the larger implement concerns such as John Deere, 
International, and Oliver have side-dressing equipment available for 
their cultivators. The Self Manufacturing Company of Twin Falls, 
Idaho, and the Lang Company of Salt Lake City also manufacture 
side-dressing equipment which can be used on any make cultivator. 


The principal difficulty in side-dressing equipment has been in 
the design of a satisfactory furrow opener. For several years the 
Anaconda Company has been perfecting a furrow opener that has 
the following advantages: 1. Simplicity, 2. it can be operated close 
to the row without injury to the crop, 3. it will apply fertilizer at 
good depth and will not clog or stop up. A detailed drawing of this 
tool may be obtained upon request. 


Results.—Some results of side-dressing tests on sugar beets con- 
dueted by the Anaconda Sales Company in cooperation with sugar- 
company fieldmen, are as follows: 


Colorado — 1938 — Four fields side-dressed with 85 pounds of 
phosphate made an average increase of 4,437 pounds of beets per acre. 


A field showing the symptoms of black heart blight was side- 
dressed in August and made an increase of 5,990 pounds of beets per 
acre. 

Montana—1940—A field showing black heart blight was side- 
dressed in August and made an increase of 3,499 pounds of beets and 
6,281 pounds of green tops per acre. 


Wyoming—1939—Two fields side-dressed with 150 pounds of 
6-30-0 made an increase of 5,410 pounds of beets per acre. 


Wyoming—1940—One field side-dressed with 150 pounds of 
10-20-0 made an increase of 6,105 pounds of beets per acre. 


Idaho and Northern Utah—1939—Six fields side-dressed with 
100 pounds of phosphate only made an average increase of 7,280 
pounds of beets per acre. 

Idaho—1939—Burley District—Seven fields side-dressed with 
100 pounds of phosphate made an average increase of 4,520 pounds 
of beets per acre. 

Twin Falls District—1939—Nine fields side-dressed made an av- 
erage increase of 5,100 pounds of beets per acre. 

Western Idaho and Eastern Oregon—1939—Nine fields made an 
average increase of 3,840 pounds of beets per acre. All the fields in 
the 3 districts last mentioned were treated with 100 pounds of phos- 
phate at planting time. The increase stated is that due to the side- 
dressing only. 
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Conclusions 


While any one of the described methods of fertilizing row crops 
is effective, numerous tests during recent years indicate that possibly 
the most effective method of fertilization is a combination of two of 
these methods. This combination method is the application of a small 
amount of fertilizer with the seed at planting time followed by side- 
dressing with heavier amounts after thinning. To be specific, in nu- 
merous tests in the Intermountain Territory using various methods of 
fertilizing the sugar-beet crop, some of the best results were obtained 
when 50 to 75 pounds of treble superphosphate were applied with the 
seed at planting time using a fertilizer attachment on the planter, 
followed by side-dressing the beets after thinning with approximately 
100 pounds more treble superphosphate per acre. 


A limited amount of fertilizer with the seed at planting time 
gives the tiny plants the needed quick kick, improves the stand, per- 
mits earlier thinning, and makes thriftier plants. Through side- 
dressing, the plant foods are supplied at the proper depth and posi- 
tion and in sufficient amounts to feed the crop throughout the grow- 
ing period. 


During the past year a number of tests have: been made in dust- 
ing or treating sugar-beet seed with a product known as fume phos- 


phate. This fume phosphate, manufactured by the Anaconda Copper 
Mining Company, is in an extremely fine state of subdivision, or 
about the screen mesh of taleum powder. In this form it adheres to 
the seed quite readily. It contains approximately 45 percent avail- 
able P205, about 40 percent of which is in the water-soluble form. 


Tests indicate that about 2 pounds of fume per 100 pounds of 
beet seed is about the proper ratio to use. Results from fume-treated 
beet seed indicate that the treated seed was much more resistant to 
disease, the plants emerged from the soil 1 to 3 days earlier, and 
yields were increased as much as 1 to 3 tons per acre from this in- 
expensive treatment. Preliminary results indicate that more ex- 
perimental work might well be conducted with fume-treated beet 
seed. 





Colchicine Treatments of Sugar Beets and 
the Yielding Capacity of the Resulting 
Polyploids 


Since the discovery of the colchicine method of inducing chromo- 
some doubling in plants, a number of workers have tried with varying 
degrees of success to produce tetraploid sugar beets. Frandsen (3) 
and Artschwager (2) discussed methods used in attempting to pro- 
duce tetraploid strains and Rasmusson and Levan (5) and Schwanitz 
(6) reported the production of tetraploid plants.*?, The senior author 
in 1938 induced tetraploid sectors in sugar-beet plants and subse- 
quently obtained sufficient triploid seed through cross-pollination 
with normal haploid pollen to establish a small replicated field trial 
in 1939. The results, published in 1940 by Peto and Boyes (4), 
showed that the triploid beets exceeded the diploids in root weight 
by 12.2 pereent, in yield of sugar per beet by 14.9 percent, and in dry 
top weight by 17.8 percent. The triploids also exceeded the diploids 
in area index of the leaves by 34.4 percent and in area index of the 
stomata by 42.6 percent. These results indicated the commercial pos- 
sibilities in polyploid sugar beets and subsequently sufficient stock 
of tetraploid and triploid seed was produced at the National Research 
Laboratory, Ottawa, for further field tests at Buckerfield’s Limited, 
Vancouver, in 1941 and at the Canada and Dominion Sugar Com- 
pany, Wallaceburg, Ontario. 


Colchicine Treatments 


The method of treatment consisted of placing a weighed quantity 
of seed (about 3 grams) on blotting paper in a petri dish, the blot- 
ting paper having been moistened with a measured amount of 0.4 
percent colchicine solution (about 6 ¢. c.). It was found to be im- 
portant to determine accurately the amount of solution necessary for 
optimum germination conditions. This can be predetermined with a 
water solution to conserve colchicine. The beet seed was left on the 
moist blotting paper for periods of from 48 to 96 hours. The most 
effective duration reduces germination to about 50 percent. At the 
end of the treatment period the seed was planted in soil contained in 
greenhouse flats. Shortly after the seedlings emerged, the normal 
appearing seedlings were discarded, and this process was repeated 
several times during the seedling stage. The abnormal seedlings were 
transplanted in pots as soon as possible and eventually transplanted 

iManager and Agronomist, respectively, Research Department, Buckerfield’s Ltd., 


Vancouver, B. C. 
*Numbers in parentheses refer to Literature Cited. 
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in the field. The treatments were usually started some time during 
March and the plants transplanted in the field late in May. During 
August, a further elimination of plants was made on the basis of 
stomatal size which must be determined on strictly comparable, ma- 
ture leaves. The area index (length and width) of the stomata on 
the tetraploid sectors should be almost twice as large as the diploid 
sectors. 

At harvest time the final selection of beets which had survived 
all selections were transferred to the greenhouse and potted. At pol- 
lination, a final check on pollen diameter was made and at this time 
the tetraploid plants could be detected with a high degree of accura- 
cy, since the tetraploid pollen was uniformly and unmistakably larger 
than the diploid pollen. The actual increase in diameter was 25 per- 
cent, while the increase in caleulated volume would be over 90 per- 
cent. The plants which appeared to be definitely polyploid were 
paired off or isolated in small groups to reduce the risk of contami- 
nation with pollen from undetected diploid sectors. 


Seed Production 

The application of the colchicine method described above resulted 
in the production from treated plants in 1940 of approximately 11,000 
tetraploid seeds of 4 varieties, 3,300 hybrid tetraploid seeds, and 
7,000 triploid seeds. The results of the chromosome counts on a por- 
tion of this material is shown in table 1. The seedlings produced 
from 4 of 5 plants thought to be tetraploid proved to be so, the other 
plant yielded 25 percent triploid seed. The 2 crosses involving di- 
ploid plants hand-pollinated with pollen from tetraploid plants 
yielded 98 and 75 percent triploid seedlings and the remainder 
diploid. This indicates that tetraploid pollen is highly fertile on 
diploid plants and that only a low percentage of self-pollination had 
occurred. It will also be noted in table 1 that the tetraploid seed, 
and particularly the hybrid tetraploid seed, was much larger than 
the diploid seed used in the treatments. 

The polyploid seed stocks brought from Ottawa to Vancouver 
in 1940 were multiplied in both the greenhouse and the field during 
the winter and summer of 1941. The data obtained from this ma- 
terial are shown in table 2. The seed yields of the tetraploids were 
all very satisfactory in both the greenhouse and the fieid, the yield 
of the F, of the hybrid tetraploid (7.3 ounces per plant) being par- 
ticularly heavy. An interesting indication of the relative seeding ca- 
pacity of diploid and tetraploid plants was afforded where Sando- 
miersko diploid and Buszezynski tetraploid plants were transplanted 
to the same room and alternated on the bench to produce the maxi- 
mum opportunity for cross-pollination. The seed size from the tetra- 
ploid plants was approximately double that from the diploid plants 
whereas the weight of seed per plant was very similar (diploid 1.7 
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and tetraploid 1.8 ounces). Consequently the diploid produced al- 
most twice as many seeds of approximately half the weight of the 
tetraploid. In all instances the weight per 1,000 seedballs of the 
tetraploid exceeded the average of 4 commercial diploid samples and 
the F, seed of a hybrid tetraploid was over twice as heavy. 


The germination of the tetraploid seed was very good, particu- 
larly that produced in the field, where with 2 exceptions the germi- 
nation was between 88 and 94 percent. The 2 exceptions both in- 
volved the Great Western tetraploid which previously had been 
shown to produce seed of low viability. Consequently some inherent 
defect must be present in this tetraploid. 


The greenhouse-produced tetraploid seed germinated slower and 
had a lower percentage of germinable seed than the field-grown tetra- 
ploid seed. In the attempt to produce hybrid triploid seed in the green- 
house by inter-spacing diploid and tetraploid plants, it was found that 
the seed from the tetraploids also germinated slower and exhibited a 
lower percentage germination than did the seed from the diploids 
(table 2, hybrid triploids). This comparison is complicated by the 
unknown proportion of diploid and triploid seed in one lot and tri- 
ploid and tetraploid in the other. Studies now under way on the 
chromosome constitution of this material may help explain the dif- 
ferences observed. 

In addition to the proved polyploid stocks listed in table 3, a 
further 3,000 seeds from treated plants of 6 varieties were produced 
at the National Research Council Laboratories in 1941. These seeds 
are now available for chromosome counts and these determinations 
will be made this winter. The varieties treated were Imperial, Cesena, 
Schreiber S.S., Sandomiersko ‘‘Z,’’ Sandomiersko ‘‘E,’’ and Great 
Western. 

In the spring of 1941, seed of Braune, Fredericksen, Dippe ‘‘Z,’’ 
and Kuhn ‘‘P”’ was treated by the senior author at the laboratory of 
the B. C. Sugar Refining Company. Ninety-nine roots believed to 
be tetraploid were selected in the autumn and potted in the green- 
house to produce seed in the spring of 1942. 


Preliminary Yield Test of Polyploids 
at Wallaceburg, 1941 


Sufficient polyploid seed was supplied the Canada and Do- 
minion Sugar Company, Chatham, to set out a small unreplicated 
test at Wallaceburg in 1941. Three-row plots 44 feet long were 
planted on May 6 by spacing individual seeds at 3-inch intervals. 
The seedlings were subsequently thinned to 1 foot. 

One of the three rows of each plot was harvested September 26 
and the remaining two rows were harvested October 21. The results 
obtained are shown in table 3. Owing to the lack of replication im- 





292 AMERICAN Society SuGar-Beet TECHNOLOGISTS 


posed by a shortage of seed and the variable stand obtained, the yield 
results can only be considered as indicative. However, sufficient in- 
teresting results were obtained to justify inclusion of the data in this 
report. 


Table 3.—Yield test at Wallaceburg, Ontario, 1941. 





Variety 
Polyploidy 

| Feet in 
Percentage 
Average 
weight 
beet 
Sugar per 
Uniformity 





Harvested September 26, 1941 
(pounds) 
Buszezynski CLR diploid é . 45 1.36 
Buszezynski CLR triploid 44 f \ 66% 1.62 
Buszezynski CLR tetraploid . . 34%, +«1.28 
Great Western hybrid 
x Schreiber tetraploid 35 { . 52%, 


Harvested October 21, 1941 


Buszezynski CLR diploid 
Buszezynski CLR triploid 
Buszezynski CLR tetraploid y 89. 82 


Great Western hybrid 
x Schreiber tetraploid 4 8&8 14.5 87.6 116 1 .273 5-A 5/10 


15 6/10 
15 2/10 





The susceptible varieties in this field had been severely defoli- 
ated by the Cercospora leafspot. The hybrid tetraploid was very 
susceptible as shown by its rating of 5 A. The diploid C.L.R. was 
intermediate in degree of resistance, but both the triploid C.L.R. and 
tetraploid C.L.R. were much more resistant. As might be expected, 
the extreme susceptibility of the hybrid tetraploid depressed greatly 
the percentage of sugar. The diploid, triploid, and tetraploid strains 
were very similar in regard to percentage of sugar except that the 
triploid was 1 percent higher than the others at the first harvest 
date. At this date the beet weight of the triploid exceeded all others 
in spite of more competition owing to a larger stand. At the later 
harvest date the hybrid tetraploid had much the larger beets which 
may have been the result of recovery from Cercospora injury. In re- 
gard to sugar per beet, the triploid was definitely superior to the 
others, but at a later date both tetraploid and the triploid strains were 
superior to the diploid. Considering stand differences, the compara- 
tive yield of the triploid was particularly heavy. The yield results 
on this test are in agreement with those obtained from a previous 
test at Ottawa (4) where the triploid outyielded the diploid in root 
weight and sugar per beet and maintained the percentage of sugar in 
spite of the increased weight of root. 

The C.L.R. triploid and hybrid tetraploid were much more uni- 
form than the diploid and all three polyploids had fewer sprangled 
roots than the diploid. 
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Yield Test at Vancouver, British Columbia, 1941 


Two parental diploids, a triploid, hybrid triploid, tetraploid, and 
hybrid tetraploid (table 4) made up the 6 strains included in the 
yield test. A randomized-block (complete) experiment was laid 
down, consisting of 5 replications of 3-row plots, 25 feet long. Seeds 
were hill planted at 1-foot intervals at the rate of 3 seeds per hill. 


Ideal conditions prevailed from seeding until thinning time with 
the result that it was possible, by doing a small amount of trans- 
planting, to have the beets go into the summer with a perfect and 
uniform stand. The average percentage stands at time of thinning 
were 93.2, 94.0 and 93.9 for the diploids, triploids, and tetraploids, 
respectively. 


In the seedling stages the thicker stems and more leathery leaves 
of the tetraploids and triploids made them readily distinguishable 
from the diploids. At later stages, the polyploids possessed shorter 
leaf petioles and larger and more crinkly laminae which gave them a 
more procumbent appearance than the diploids. The hybrid tetra- 
ploid exhibited exceptional vigor particularly during the first 2 
months of growth. The other tetraploid and the two triploids showed 
a less-vigorous growth which was, however, decidedly superior to the 
diploids. As would be expected, the triploids were usually interme- 
diate in morphological characters to the diploids and tetraploids. 


Growth conditions were very satisfactory for the first 2 months 
after planting. However, the months of July and August brought 
unusually hot, dry weather and as it was not practical to irrigate, the 
beets suffered from lack of moisture. With the onset of damp 


Table 4.—Yield test Vancouver, British Columbia, 1941. 





Means of 





Pounds Calculated Disease 
Root Percentage sugar tons per suscep- 
Strain Polyploidy weight sugar per acre acre tibility 





Buszezynski C.L.R. diploid 23.92 15.1 4081 13.53 2.2 
Sandomiersko E. diploid 30.80 14.3 4997 17.42 2.6 
Buszezynski C.L.R tetraploid 19.78 13.3 2980 11.19 2.7 
Sandomiersko hybrid 

x Buszczynski tetraploid 29.65 12.8 4294 16.77 2.3 
Buszczynski triploid 24.05 13.6 3691 13.60 1.7 
Sandomierski (2x) x hybrid 

Buszezynski (4x) _ triploid 22.18 11.6 2909 12.54 3.1 
Calculated F value 10.9 6.5 8.66 
Significant F value 

odds 99 to 1. 4.10 4.10 4.10 
Difference Odds: 19 to 1 3.84 1.39 801 

necessary for i 

significance Odds: 99 to 1 5.21 1.89 1087 
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weather in September, Cercospora leafspot became very prevalent 
and no doubt this disease had a deleterious effect on the sugar con- 
tent of some of the strains. On October 11 a study was made on the 
susceptibilities of the various strains to this pathogen. Each beet in 
all the plots was graded by applying a numerical rating from 0 to 5, 
0 being complete immunity and 5 being highly susceptible to the ex- 
tent that all leaves on the plant were affected. The tabulated re- 
sults for each variety are shown in table 4. 

At time of harvest all roots were graded as to general uniformity 
of type and also as to neck characteristics. A system of rating from 
0 to 5 was used, 5 being a highly desirable type. By this method all 
diploids had an average rating of 2.9 in general uniformity, triploids 
3.1, and tetraploids 3.4. In neck characteristics the averages were as 
follows: Diploids 2.7, triploids 2.7, and tetraploids 3.5. It is worthy 
of note that the hybrid tetraploid, which was conspicuous in its uni- 
formity during the growing season, graded 4.0 in general type and 
4.2 in neck characteristics. 

Beets were harvested on October 30 and analyzed for sugar by 
the hot-water digestion method. The yield results are presented in 
table 4. 

These results are not closely corroborative of tests made at Ot- 
tawa (4) and Wallaceburg (discussed above), but it is thought that 
the unfavorable environment may have suppressed the inherent ad- 
vantages of some of the strains. The performance of the hybrid te- 
traploid, however, was very good in comparison with the other poly- 
ploids and this fact would seem to suggest the economic possibilities 
of polyploidy coupled with heterosis. 

In yield of sugar per acre the hybrid tetraploid and the C.L.R. 
diploid were significantly better than the C.L.R. tetraploid and the 
hybrid triploid. The poor performance of the latter strain is no 
doubt partly attributable to its severe defoliation by Cercospora. 
Otherwise no obvious relationship seemed to exist between polyploidy 
and disease resistance. Some of the polyploid plants exhibited an . 
apparent immunity, consequently it should be possible to produce 
highly resistant strains of these polyploids through selection. 

It is generally conceded that after roots have reached a certain 
size, their sugar percentage tends to decrease with a further increase 
in root weight. A previous test (4) showed that this decline was less 
rapid in the triploids than in the diploids. In the present test, how- 
ever, all roots were abnormally small and it is questionable if the ad- 
vantage previously demonstrated could be expressed. 

Although the Vancouver yield results are not highly conclusive 
in themselves, the general data accumulated on polyploids together 
with the results obtained on the three yield tests can be summarized 
as follows: 
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Summary 


1. Tetraploid sugar beets of a number of varieties have been 
produced by means of colchicine treatments. 


2. Triploids have been produced in abundance through pollina- 
tion of diploid plants with pollen from tetraploids. 


3. Excellent seed yields of highly germinable seed were ob- 
tained from field-grown tetraploids. 

4. In seed size the tetraploids exceeded the diploids but in num- 
ber of seeds per plant the reverse was observed. 

5. Tetraploid plants were morphologically distinguishable from 
diploids at all stages of development. The most striking differences 
were in (a) seed size, (b) petiole length, (c) lamina size and texture, 
(d) stomatal size, (e) seedstalk length and diameter, (f) pollen size. 

6. In two out of three environments certain triploids and tetra- 
ploids exceeded diploids in root weight and sugar per beet. 

7. Heterosis combined with polyploidy appeared to have eco- 
nomie possibilities. 

8. Triploids and tetraploids were usually much more uniform 
than the diploids from which they were derived. 

9. The agronomic qualities of both triploids and tetraploids in 
limited tests to date are sufficiently promising to justify increased 
emphasis on this new method of plant breeding. 
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Colchicine-Induced Tetraploidy in Sugar 
Beets: Morphological Effects Shown in 
Progenies of a Number of Selections 


Ernst ARTSCHWAGER! 


Colchicine has been used successfully for the production of poly- 
ploid sugar beets by a number of workers, but it is still too early to 
evaluate the ultimate benefits of polyploidy to the sugar-beet indus- 
try since comparative data on performance, expressed in higher root 
yield, higher sucrose percentage, or increased disease resistance, are 
as yet unavailable or at best inconclusive.” 


From observations with other plants, it is known that polyploidy 
affects certain morphological characters. Some of these, namely, in- 
crease in size of stomata and of pollen, have been used for the de- 
tection of polyploid condition in the sugar beet. Although these 
morphological distinctions between diploids and polyploids are not 
always clear cut, they are valuable in the initial elimination of unaf- 
fected plants from those whose chromosome number has been altered. 


Sugar-beet seedlings grown from colchicine-treated seed fre- 
quently showed hypertrophy, the usual reaction to this chemical.* 


(See figure 3.) Transplanted in the field, many of these plants out- 
grew the effect of colchicine; this was evidenced by a change in the 
outer appearance of the newly formed leaves and a reduction in size 
of their stomata. Continued checks by stoma measurements (figure 
1, A, B) before the beginning of seedstalk formation permitted the 
elimination of nearly all of the plants that appeared to be diploids. 
With the advent of flowering, another character—pollen size (fig- 
ure 2, A, B)—was employed as an additional check, and doubtful in- 
dividuals were eliminated before their pollen could mix with that 
of polyploid individuals. How much roguing had to be done is in- 
dieated by the fact that out of several thousand seedlings obtained 
from colchicine-treated seed, only about 100 were allowed to flower 
and produce seedballs. Chromosome counts were made on somatic 
tissue of the seedstalk and pollen mother cells. Only tetraploid indi- 
viduals or plants with chromosome counts closely approximating 36 
in somatic cells and 18 in dividing pollen mother cells were kept 
(figure 2, C). 

1Pathologist, Division of Sugar Plant Investigations, Bureau of Plant Industry, 
United States Department of Agriculture. 

*Peto, F. H. and Boyes, J. W. Comparison of Diploid and Triploid Sugar Beets. 
Canadian Journal of Research 18: 273-282. 1940. 


*Artschwager, Ernst. Indications of Polyploidy in Sugar Beets Induced by 
Colchicine, Proceedings of the American Society of Sugar Beet Technologists, 1940. 
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Some of these seedballs were sown in the fall of 1940 and elimi- 
nations were again made on the basis of stoma size and pollen size. 
The number of discards was relatively small, indicating that pollina- 
tion must have been very largely with polyploid pollen. With cer- 
tain conspicuous exceptions, the seed yields from individual plants 
were moderate or small, but the individual seedballs, in general, 
tended to be larger than those of the diploids. Some of the plants 
failed to set seed altogether. 


Seedballs from certain of the checked mother plants which flow- 
ered in 1941 were planted in late summer of the same year. They 
grew very rapidly and, although the parents had been allowed to 
eross-pollinate, the selections as a whole looked remarkably uniform. 


In the course of the routine stoma and pollen studies of the 
mother plants in 1941, one was struck by the great size variations in 
both the stomata and pollen .grains and the absence of relation be- 
tween these attributes. In other words, plants with large stomata 
did not necessarily produce large pollen and the size of stoma or of 
pollen grain did not seem related to the weight of the seedballs pro- 
duced by these plants. Data on pollen size, stoma size, pollen germi- 
nation, and total seedball weight for a few of the selections are given 
in table 1. 


That doubling of chromosomes would find expression in an in- 
crease of the size of the stomata and of the pollen grains was to be 
expected from studies with other plants. In sugar beets this increase 
is striking, as seen in the following table. However, there is much 
variation among individuals of any given selection. Furthermore, 
increase in stoma size or pollen size is not necessarily correlated with 
a corresponding increase in the other character, though as a rule 
plants with large stomata do produce pollen grains of exceptional 
size. 


Pollen germination in 1941 was excellent among commercial beets 
and sufficiently good among tetraploids to insure an adequate supply 
of viable pollen for seed setting. 


Relative seed weight varied greatly and showed no correlation 
with stoma size or pollen size. Only in selection ‘‘2’’ (parent 47-2) 
practically all plants produced heavy seed, a character which was also 
conspicuous in the parent generation. As a rule, however, seed 
weight of the parent gave no indication as to the behavior of the off- 
spring in regard to this character. This fact needs to be substantiated 
by growing the various selections under strict isolation to prevent any 
possible chance of cross-pollination. 





Figure 1.—Top—(A). Lower-leaf epidermis with stomata of diploid plants. 
x 500. Bottom—(B). Lower-leaf epidermis with stomata of tetraploid plant. x 500. 

















Figure 2.—Top—(A). Diploid pollen. x 500. Center—(B). Tetraploid pollen. 
x 500. Bottom—(C). Somatic plate of tetraploid plant. 





Figure 3.—Appearance of beet seedlings developing from colchicine-treated seed 
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Table 1.—Stoma size, pollen size, pollen germination, and seed weight in the progeny 
of certain tetraploid sugar beets obtained frém colchicine-treated seed. 





1940-1941 progeny 
Plants grown 
from colchicine- Selection Pollen Weight of 
treated seed Row Plant germina- 100 seed- 
1939-1940 No. No, Pollen Stomata tion balls 








n (rating*) (grams) 
36 5 — 
2.72 
1.60 
4.40 
2.80 
4.00 
2.16 
4.70 
5.36 
2.72 
4.48 
2.24 
3.60 
2.40 
2.80 


Selection 7-8 
Stomata 33 n 
Pollen 24 n 
Weight per 100 
seed 2.12 grams 


39 


| oe me 


SOMA oe ote 
Com 8D Oo tO C8 Co 


~] 


] meoe 





Average 








2.92 
3.32 
3.65 
3.44 
3.45 
4.82 
3.36 
3.35 
4.92 
2.61 
4.71 
3.95 
3.10 
3.08 
3.62 


Average 26.53 38.82 3.62 


bo 
uu 


Selection 48-8 
Stomata 44 n 
Pollen 25 n 
Weight per 100 
seed 2.56 grams 


~) 
to 


to 
we 


36 
36 
36 
44 
33 
44 
39 
44 
39 
4H 
33 
39 
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mr] tc | meoancwm | wom 
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*), no germination; 1, very poor germination; 2, poor germination; 3, fair ger- 
mination; 4, good germination; 5, excellent germination. 
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Selection 49-9 
Stomata 44 n 
Pollen 25 n 
Weight per 100 
seed 5.32 grams 





Average 





Selection 34-3 29 
Stomata 33 n 

Pollen 28 2 

Weight per 100 


seed 2.72 grams 


mmrom | foleowfol tity lal ne 


Average 
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Selection 47-2 
Stomata 36 n 
Pollen 25 n 
Weight per 100 
seed 5.14 grams 
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Selection 49-6 
Stomata 44 n 
Pollen 28 
Weight per 100 
seed 3.76 grams 
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Polyploidy in Sugar Beets Induced by the Use 
of Colchicine, Ethyl Mercury Phosphate, 
and Other Chemicals’ 


FRANK F. LyNes ANp C, D. Harrts2 


Chemically induced polyploids, particularly those of economic 
plants, have attracted considerable attention during the past 4 years. 
Colchicine has been widely used and is now generally accepted as a 
standard echemicai for this purpose. Other chemicals and treatments 
have been investigated, but their application and use has not been as 
general as the use of colchicine. 

This paper presents the results of a detailed greenhouse experi- 
ment evaluating the use of colchicine for inducing polyploidy in sugar 
beets by the seed-soaking method. There are also included the results 
of numerous preliminary experiments involving the use of ethyl mer- 
eury phosphate, sulfanilamide, sulfapyridine, caleium phosphate, and 
X-ray treatments. 


Colchicine Seed-Soaking Treatments 

Our attempts to produce polyploidy in sugar beets during the 
spring of 1938 by the use of colchicine as suggested by Blakeslee and 
Avery (3) were not very successful since all of the polyploids pro- 
duced either reverted to normal or died.* 

The following experiment was conducted to evaluate the col- 
chicine seed-soaking procedure. Solutions of colchicine, of from 0 to 
2.0 percent were utilized and 50 seedballs of a commercial variety of 
sugar-beet seed were soaked in each of these solutions for from 1 to 6 
days at room temperature and then planted. Dry seed was also plant- 
ed as a check. 

The development of the seedlings was closély observed and counts 
were made on the number of plants produced. The number of poly- 
ploids present in each lot was determined by their thickened hypocotyl, 
and all diploids present were removed. Periodic microscopic examina- 
tions of the size of the stomata as suggested by Artschwager (2) were 
made and counts of the number of plants reverting and of the num- 
ber dying were maintained for 4 months. The results of this entire 
experiment are presented in figure 1. 


‘Contribution from the Beet Seed Breeding Department, Holly Sugar Corpora- 
tion, Sheridan, Wyoming. 

*Associate Agronomist and formerly Junior Agronomist, respectively. Credit is 
due A. E. Artschwager, Division of Sugar Plants, U.S.D.A., for suggestions in con- 
ducting these experiments and for cytological examinations of the polyploids induced 
by ethyl mercury phosphate. 

*Figures in parentheses refer to Literature Cited. 
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In general, the data included in figure 1 show that, as the soak- 
ing time or the concentration was increased, the number of plants 
produced was decreased but the percentage of polyploids obtained 
was increased. The amount of reversion taking place was not great 
in most cases but the death rate rapidly increased with the number of 
polyploids produced, so that at the end of 4 months only a small 
portion of the induced polyploids remained from any one treatment. 


Miscellaneous Preliminary Experiments 


Hormone Treatment of Colchicine Induced Polyploids.—It was 
noticeable in the polyploids induced by soaking the seed in solutions 
of colchicine that root development was greatly retarded. Six groups 
of polyploids induced by this method were transplanted and the roots 
treated with commercial preparations of indolebutyric acid in an at- 
tempt to overcome the retarded root development. No apparent value 
resulted from these hormone treatments. 


X-Ray Seed Treatment.—Three X-ray exposures were made of 
8 lots of beet seed ranging from 0 to 36 seconds. One hundred seed- 
balls were planted of each lot after each exposure, making a total 
of 24 lots containing X-ray exposures of 0 to 108 seconds. Good 
germination was obtained in every case. The development of the seed- 
lings was closely observed for the appearance of polyploids, but they 
appeared to be normal in every respect. 


Ethyl-Mercury-Phosphate Seed Treatment.—<A series of experi- 
ments indicated that a commercial seed-treating dust containing 5- 
percent ethyl mercury phosphate would induce polyploidy in sugar 
beets. Beet seed soaked for 48 hours in solutions of this dust con- 
taining from .00001 to .001-percent ethyl mereury phosphate pro- 
duced from 2 to 42 percent polyploids. A number of comparisons 
were made of a .001-percent ethyl-mercury-phosphate solution and a 
1-percent colchicine solution, soaking the beet seed for 24, 30, and 48 
hours. It was noticeable that the polyploids induced by the ethyl- 
mercury-phosphate treatments were more vigorous than those induced 
by colchicine and the death loss was considerably less. However, a 
larger percentage of these plants reverted to normal so that the final 
percentage of polyploids remaining after 4 months was approximate- 
ly the same for the 2 chemicals. 


Ethyl-Mercury-Phosphate Soil Treatment.—A series of experi- 
ments was conducted applying a commercial dust containing 5-per- 
cent ethyl mereury phosphate to the soil. Applications were made of 
from .005 to .1 gram of ethyl mercury phosphate per row foot direct- 
ly below the seed, with the seed, directly above the seed, and on top of 
the soil surface. Polyploids were obtained in all experiments and 
further experiments showed that polyploids may be produced in abun- 
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dance by applying .05 gram per row foot on top of, the soil directly 
above the seed and scratching it into the soil sufficiently to prevent 
washing. The number of polyploids obtained is dependent on the va- 
riety of beet seed used, varying as much as 50 percent between vari- 
eties. 

Calcium phosphate was also investigated by this procedure but 
no polyploids were obtained. 


Sulfa Compounds and Other Irrigation Treatments.—A series of 
experiments was conducted in the greenhouse in which sugar beets 
were planted in pots and irrigated continuously for 2 months with 
solutions of .005-percent sulfanilamide, .0077-percent sulfapyridine, 
.02-percent colchicine, and .00005-percent ethyl mercury phosphate. 
Polyploids were obtained from all treatments but continual contact 
of the colchicine and the ethyl-mereury-phosphate solutions proved to 
be toxic to young seedlings and they died. The growth of the plants 
in the sulfa treatments was very slow and at the age of 4 months, 
after treatments had been discontinued for 2 months, these plants 
were only 14 to ¥% inch in diameter. 


Colchicine-Agar Crown and Branch Treatment.—Colchicine in 
concentrations of from .5 to 2.0 percent added to 1-percent agar as 
suggested by Artschwager (2) was applied with a brush to the crowns 
of stecklings to produce seed-bearing polyploid tissue. The crown 
buds were retarded and the plants began dying after a few days of 
growth. This loss continued until only a few plants survived to shed 
pollen and these failed to produce seed. 


Colchicine agar was also applied to open flowers and tips of 
branches of seed beets and viable seed was obtained from all treat- 
ments in about equal amounts. Three times as many polyploid plants 
were obtained from the seed of the treated tips as from the seed of 
the treated open flowers. Twice as many plants were obtained from 
the 1.5-percent concentration as from the other treatments. 


Following the procedure suggested by Peto (4), capsules con- 
taining 1.0 and 1.5-percent colchicine agar were placed on decapitated 
branches. Pollen examinations as suggested by Abegg (1) were made 
and from 2 to 3 dozen polyploid seedballs per plant were obtained 
from the new growth adjacent to each capsule. 

Capsules containing a .001-percent ethyi-mereury-phosphate agar 
were also used, but the tips were killed and the new growth arising 
lower down on the stems was diploid. 


Colchicine Crown Injection Treatment.—Three mm. of a 0.2-per- 
cent solution of colchicine were injected into the crowns of stecklings. 
The results were similar to the agar treatment inasmuch as the plants 
soon began dying off; although a few plants survived to produce pol- 
len, no seed was obtained. 
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Colchicine Branch Immersion Treatment.—Ten ce. portions of 
from 0.5 to 2.0-percent colchicine solutions were placed in test tubes 
and branches of seedstalks immersed for from 1 to 48 hours. Seed 
was obtained from all treatments. The 16 and 24-hour treatments 
produced about 8 times as many plants as other treatments and the 
16-hour treatment produced 5 times as many polyploids as other treat- 
ments. The 1.5-percent concentration produced twice as many poly- 
ploids as the other treatments. 


A similar experiment using from .0005 to .001-percent ethyl- 
mercury-phosphate solutions was conducted but no polyploids were 


obtained. 


Colchicine Branch Spray Treatment.—An excess of solutions of 
colchicine of from 1.5 to 5.0 percent was sprayed on to branches of 
seedstalks by atomizers and about equal amounts of seed were obtained 
from all treatments, while 1.0 and 2.0-percent concentrations produced 
3 times as many polyploids as other concentrations. Seed from treat- 
ed tips produced 2.5 times as many polyploids as the seed from treat- 
ed open flowers. Further experiments comparing the use of 1-per- 
cent colchicine and .0005-percent ethyl mereury phosphate for spray- 
ing entire plants on 181 plants showed that 10 percent of the plants 
produced polyploid pollen after 2 sprayings with colchicine as com- 
pared to 8 percent for ethyl mereury phosphate after 4 sprayings. 


Summary 

The results of 66 treatments of sugar-beet seed in colchicine solu- 
tions are presented showing the number of polyploids obtained after 
4 months to be quite limited from all treatments. Hormone treat- 
ments failed to overcome retarded root development of the polyploids. 
Twenty-four X-ray seed treatments gave negative results. Seed-soak- 
ing treatments of concentrations of ethyl mercury phosphate also in- 
dueed polyploids. Caleium phosphate was not effective. Irrigation 
treatments of sulfapyridine and sulfanilamide solutions induced poly- 
ploids. Crown injections and crown agar treatments of colchicine in- 
duced polyploid tissue in the seed-bearing generation. Comparisons 
of concentrations of colchicine agar applied to the tips of branches 
indicated that the 1.5-percent concentration is the most effective. 
Polyploid seed was obtained from the use of 1.0 and 1.5-percent col- 
chicine-agar capsules; 0.001-percent ethyl-mereury-phosphate agar 
used in capsules killed the tissue. The results of immersing tips of 
branches in concentrations of colchicine solutions indicated that a 1.5- 
percent solution for 16 hours is the most effective. Ethyl-mercury- 
phosphate capsules did not induce polyploidy. 
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Conclusions 


In the treatment of seed with colchicine, ethyl mereury phos- 
phate, or other chemicals to produce polyploids the mortality rate in 
the early seedling stage is very great. The root development of the 
seedlings is limited and they do not survive this early period of 
growth very well. Those seedlings which do survive have all the first 
season in which they may revert to normal. If they survive the first 
season there is opportunity for losses in storage and subsequent trans- 
planting. The production of polyploid seed directly through the 
treatment of the inflorescence appears to be the most promising pro- 
cedure for obtaining polyploid sugar beets. 
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Evaluation of Polyploid Strains Derived From 
Curly-Top Resistant and Leafspot- 
Resistant Sugar-Beet Varieties 


F. A. Aneae! 


With the discovery that polyploid types of plants can be pro- 
duced readily by use of colchicine, great interest has attached to the 
application of this new technique to various economic plants. Meth- 
ods of inducing polyploidy in sugar beets have been previously de- 
seribed.? (1). It is now possible to report results from 2 years of 
comparative yield tests with 4 n strains derived from the important 
diploid varieties U. S. 22, U. S. 23, and U.S. 215. 


1Associate Geneticist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture. 

*The writer wishes to express his appreciation to Dr. G. H. Coons, Principal 
Pathologist, Division of Sugar Plant Investigations, U. S. Department of Agricul- 
ture, for suggestions and criticisms during the progress of this work and in con- 
nection with the preparation of the manuscript. 
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Materials and Methods 

Dry seed was soaked in a 0.4-percent solution of colchicine for a 
period of 2 days. By selection of the most severely affected seedlings, 
a high proportion of tetraploids has been obtained in the treated 
generation. 

First-generation tetraploid offspring were obtained by crossing 
pairs of plants which, on the basis of their pollen size, were judged 
to have been doubled in chromosome number. The plants from these 
crosses were characterized by greater leaf-stomata size, larger than 
normal-sized pollen, and foliage that was altered in both shape and 
size from diploid types. Tetrasomic inheritance of the R—r hypocotyl 
eolor-factor pair further substantiated the tetraploid nature of the 
offspring from the above-mentioned crosses. 

In 1940, 9 tetraploid (4 n) strains were compared with the diploid 
(2 n) parental stocks for root yield and sucrose percentage in a field 
plot laid out in an equalized random-block arrangement. Twelve 
varieties (9 tetraploid strains and 3 parental diploids) were repli- 
cated 6 times in 4-row plots. Each plot consisted of 20 plants per 
variety. Rows and transplants were spaced 24 inches apart. After 
a season of 44% months’ duration, the clean root yield of the 2 center 
rows was recorded for each plot, the roots being topped-as for mother 
beets. The average plot weights recorded in table 1 were obtained 
by summation of weights of individual roots of the respective plots. 
The total number of roots weighed for each variety was commonly 
60, except in a few cases in which the total for a variety was 58 or 
59 roots. 

In an additional test, other 4 strains for which only a small 
amount of seed was available were compared for yield with the proper 
parental varieties in single-row plantings. Twenty-four-inch spac- 
ings were used here also. The statistical significance of the average 
root-yield differences was determined by Student’s method from pairs 
of 2 n and 4 » plants, occupying opposite hills in adjacent rows. 


The single-row plan used in 1940 was adopted again for the 1941 
field test. Rows and transplants within rows were spaced 30 inches 
apart. The 1941 beets were harvested after a 6-month season. 


Sucrose percentages of single roots were determined in both 1940 
and 1941. Pulp for the analyses was obtained by use of a boring 
rasp. Sucrose percentage in the pulp was determined by the Sachs- 
Le Docte cold-water digestion method. In the 1940 replicated test 
(table 1) the average varietal sucrose percentage is based on analyses 
of individual roots. The number of roots analyzed varied from 53 
to 60 beets per strain. 

During both seasons, leafspot injury was reduced to a minimum 
by 3 applications of bordeaux spray. 
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Experimental Results 


1. Comparative Root Yields of Tetraploid Strains and Their 
Respective Parental Diploid Varieties.—In the 1940 replicated test 
(table 1) the lowest-yielding 4 n strain averaged 2.51 pounds per beet 
in contrast with a weight of 3.07 pounds for the comparable diploid 
variety, U.S. 22. The highest-yielding 4 strain had an average root 
weight of 3.14 pounds; that of U. 8. 215, the related 2 » parental 
variety was 2.81 pounds. None of the differences in root weight 
was significant. 


In the 1940 single-row planting (table 2), 95 plants of the 4 n 
strain 4302 exceeded the average root weight of the parent stock, 
U. S. 22, by 13.8 percent. This difference was significant for prob- 
abilities between 0.05 and 0.02. Confirmatory evidence that the 4 n 
plants had greater root weight than the 2 » strain was obtained from 
the additional tests in 1941 (table 3) in which 18 plants of 4 n pro- 
geny 4304, reciprocal of strain 4302, averaged 7.10 pounds per beet 
as compared with 5.92 pounds for the parental diploid, U. 8. 22. 
However, strain 4302 and its reciprocal were lower in sucrose per- 
centage than U. 8. 22, giving approximately the same sucrose content 
per beet for both the 2 n and 4 n types. 


Reference to table 2 shows that 2 tetraploid strains grown in the 
1940 single-row plot were markedly and significantly lower in root 
weight than the parental variety, U. S. 22. Six other 4 n lots ob- 
tained from either U. S. 23 or U. S. 215 gave non-significant differ- 
ences in root yield. Based on the yield results of all varieties, in the 
1940 single-row plantings, the 4 n strains averaged 2.56 pounds in 
root weight as compared with an average of 2.79 pounds for the re- 
lated diploid parental stocks. The difference of 0.23 pound in favor 
of the diploid variety exceeded the 5-pereent point of significance. 


In the 1941 single-row comparisons (table 3) a total of 17 poly- 
ploid strains, derived either from U. 8. 22 or U. S. 23, were tested 
for yield. One of the strains, numbering 27 plants, was a triploid 
derived from U. S. 23 parentage and showed broader than normal 
leaves. In this respect, the 3 n lot resembled closely the broader- 
foliage character of some tetraploid strains. The average root weight 
of the triploid strain was not significantly different from that of the 


related U. 8. 23 variety. 


Only 1 of the 17 polyploid strains (the previously mentioned 4 n 
reciprocal of 4302) gave a moderate increase in root weight as com- 
pared with the diploid parental variety. However, 7 of the 4 n pro- 
genies (mostly from the new 4 n lots.not tested in 1940) were mark- 
edly and significantly lower in yield than their related diploid 
varieties. 
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Table 2.—Comparison of root yields of tetraploid sugar-beet strains and their re- 
spective diploid parental varieties, in single-row plantings at Arlington Ex- 
perimental Farm, Arlington, Va. 1940 





Weight of roots 





Value 

expressed 

Chromosome Pedigree Roots Dif- in terms 
Variety type number weighed Average ference of 2n 





number pounds pounds 





US. 22 : a , : 3.42 + 1.249° 
U.S. 22 : 2.18 





US. 22 2n 722 2.90 — 0.40* 
U.S. 22 4n 302 3.30 





3.38 1.15** 














US. 
US 2 





Total 





7—3000—0 
4153 





* 7—3000—0 
4155 





US 215 2n 730000 
US. 215 4n 4160 





Total 2n 
U.S. 215 4n 





Total of 
all va- 2n 343 
rieties 4n 343 


* Exceeds the 5-percent point of significance. 








** Exceeds the 1-percent point of significance. 


The statistical significance of the average root-yield difference was determined 
by Student's method from pairs of 2 n and 4 nm plants, occupying opposite hills in 
adjacent rows. 
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Table 3.—Comparison of root yields and sucrose percentages of polyploid sugar-beet 
strains and their respective diploid parental varieties, in single-row plant- 
ings at the United States Horticultural Station, Beltsville, Md., 1941. 





Weight of roots Sucrose 





} 


terms of 2” 


| Chromosome 

number 

of roots 
compared 
Average 
Difference 
Value ex- 
pressed in 
Difference 


Variety 





percent- percent- percent- 
pounds pounds age age age 
5.92 —1.18 100 12.66 +1.37** 
7.10 120 11.29 





7.81 +2.86** 100 
4.95 63 





6.34 +0.18 100 
6.16 97 





695 +157" 100 
5.38 77 





8.06 +2.80* 100 
65 





100 
88 





922 106 . +1.43** 100 
14326-7 J 78 





922 ~—«108 +1.25%* 100 
14328-9 . 79 





922 44 —0.20 100 
14332-3 . 104 








922 67 +0.24 100 
14334-5 J 96 





100 
& 





100 
102 





| 


mn | no 
8383) 83 83) 


100 
78 





100 
98 





14211-2 53 


“ | 
RR! 





923 +1.00 100 
4213 & 





923 100 
14219-6 Mi . 104 


me | 
3 83 al 8) 


hth | 
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Table 3.—continued. 


Weight of roots Sucrose 








Chromosome 
Pedigree 
number 
Number 
of roots 
compared 

Difference 
Value ex- 
terms of 2” 
Average 
Difference 





percent- percent- percent- 
pounds pounds age age age 
5.32 —0.44 100 11.33 —0.51 


5.76 108 11.84 





Total - *. 6.04 +0.71°* 100 11.09 
3n 5.33 88 10.71 





Total Qn ; 6.23 40.90°* 100 11.48 


U. 8. 22 
and 3n and 4n 5.33 85 11.16 





* Exceeds the 5-percent point of significance, 
** Exceeds the 1-percent point of significance. 


The statistical significance of both the average root yield and average sucrose 
percentage differences was determined by Student's method from pairs of 2n and 4n 
plants, occupying opposite hills in adjacent rows. 


‘Reciprocal 4n strains tested. 
2Two 3n strains pooled. 


*The given sucrose percentages were obtained by averaging individual determina- 
tions. The total number of 2n and 4n roots analyzed for sucrose-percentage areas 
follows: 

Parental 2 warlety UW. 8. BB n.....cnccccccecccencsscn-ceneeie 1B Bests 
4n strains derived from U. S. 22 

Parental 2n variety U. S. 23 : 

3n and 4n strains derived from U. 8. 23 ............... 

Total of both 2n varieties 

Total of both groups of polyploid strains 


The reduced number of beets analyzed for parental 2n variety U. S. 23 was due 
to the fact that sucrose determinations of the 2 plants in 1 row served for a com- 
parison with those of 2 different 4n strains planted on either side of the diploid row. 
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Comparing related 2 n and 4 » progenies which were evaluated 
in both 1940 and 1941, respectively, there was, in general, good agree- 
ment with respect to the degree of plus or minus deviations in root 
yieid. 

A summary of the results obtained for root yields of all 28 
tetraploid strains of sugar beets tested so far is as follows: (1) In 
the 1940 tests, a total of 521 diploids (including U. 8. 22, U. 8. 23, 
and U. 8. 215) averaged 2.82 pounds per beet in root weight as com- 
pared with an average of 2.70 pounds based on a total of 879 tetra- 
ploids derived from the same varieties. (2) In the 1941 plot, a 
total of 699 paired yields (plants derived from varieties U. S. 22 and 
U. 8S. 23) gave average root weights of 5.33 and 6.23 pounds per beet 
for the tetraploid and diploid progenies, respectively. This difference 
of 0.90 pound was found to be a highly significant increase for the 
diploid varieties. 


This indicates that, under the conditions of the 2 field tests 
discussed in the present paper, the average 4 » yield showed a definite 
trend towards lower-root weight in comparison with that of the par- 
ental diploids. Such a reduction in yield was even more marked with 


Table 4.—Effect on root yield of doubling the chromosome number within an inbred 
line. Single-row plantings at the United States Horticultural Station, Belts- 
ville, Md., 1941. 





Weight of roots 





Value 

Number of expressed 

Pedigree Chromosome roots in terms 
number type compared Average Difference of 2n 





pounds pounds percentage 
B 42 2 46 2.50 +1.03 100 
IB 36-2 n 1.47 59 





(4389) 
(440) 5 2.15 
460 





~ (439) 
(440) 
461 





(439) 
(440) 2n 100 
464 an 1.43 51 





Total 2n 193 2.62 od 100 
4n 1.39 53 





‘Seed collected from unbagged branches of plant B 36. This plant was earlier 
treated with colchicine during a young seedling stage of development. Since B 36 
was selected from a highly self-fertile 2 line, tracing back to pedigree number 1167, 
it is assumed that most of the seed set on unbagged branches resulted from self-pol- 
lination. Plant B 36 was also the grandparent of the second generation 4n progenies 
460, 461, and 464, respectively. 
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4 n strains derived from a highly self-fertile inbred diploid stock of 
beets which traces back to pedigree number 1167. In the 1941 field 
plot (table 4) a total of 193 tetraploid roots yielded approximately 
only half as much as the closely related diploid plants. 

2. Comparison of Sucrose Percentage.—In the 1940 replicated 
plot, nine 4 strains and the 3 related parental stocks, U. S. 22, U. 
S. 23, and U. S. 215, were tested for sucrose, from 53 to 60 indi- 
viduals of each strain being analyzed. Sucrose percentages ranged 
between 12.56 and 10.19 percent. From the data recorded in table 1 
it is evident that 3 of the 4 n strains were significantly lower in su- 
erose percentage than their respective diploid-parental varieties. The 
differences exceeded that required at the 1-percent point. There 
were also significant differences in sucrose percentage between 4 n 
strains derived from the same parental stock. However, if root 
weights are taken into account, the sugar yield of the 12 varieties 
differed by only small amounts. 

Three tetraploid strains planted in the 1941 single-row plot were 
analyzed for sucrose. Two of these were significantly lower in per- 
centage sucrose than the respective diploid varieties. The other 4 n 
strain, numbering 21 beets, was significantly higher in sucrose per- 
centage; but somewhat lower in root weight than the comparable 
diploid variety U. S. 23. 

A summary of the 1940 sucrose percentage determinations, in- 
eluding those from the single-row planting, is based on a total of 352 
diploid beets and 674 tetraploids. The diploids averaged 11.24 in 
sucrose percentage as compared with an average of 10.94 for the 4 n 
types. The average root weights of the beets analyzed for sucrose, 
were practically the same, i. e. 2.81 and 2.87 pounds per beet for 
diploids and tetraploids, respectively. 

The 2 » and 4 n beets tested for sugar from the 1941 plot av- 
eraged approximately 6.00 pounds in root weight. The diploid vari- 
eties U. S. 22 and U. 8S. 23 were only slightly higher in average 
weight per beet than the related tetraploids. Five of the 4 n strains 
in the 1941 plot had been previously tested in 1940. In 1940 these 
five 4 n lots were lower in sucrose percentage than the parental dip- 
loid varieties. In 1941 the same 4 » strains were again found to be 
lower in sucrose. The decreases in numerical values for sucrose per- 
centages ranged between 0.5 and 1.4. 

Two additional polyploid strains tested for the first time in 1941 
(table 3) were from 0.5 to 0.9 percent higher in sucrose percentage 
than the parent stocks. Only the latter difference, referring to 4 n 
strain 4307, was a significant increase. 

The average sucrose percentage of the 201 tetraploids analyzed 
for sugar in 1941 was 11.16 as compared with an average of 11.48 
percent sucrose for the diploids. This difference in sucrose per- 
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centage between the 2 n and 4 n chromosome types was significant, 
exceeding the 5-percent point. 


From the combined results of sugar analyses in 1940 and 1941, 
it is evident that the more vigorous 4 n strains of sugar beets selected 
for testing may vary in either a plus or minus direction when com- 
pared to the proper parental varieties. In both years, under the 
conditions of these experiments, the tetraploids were characterized by 
a somewhat lower average sucrose percentage than their comparable 
diploid varieties. 


So far, 3 tetraploid strains have exceeded the root yield of their 
related diploid stocks by approximately 15 percent. However, these 
4 n strains tested from 0.7 to 1.5 percent lower in sucrose. Therefore, 
the average sucrose yield of this group of vigorous tetraploids was 
estimated to be nearly the same as that of the diploids. 


3. Morphological Differences.—In the following, a brief sum- 
mary is presented of the chief comparative morphological differences 
between diploids and related tetraploids: 

The leaves of some 4 m strains were observed to be larger, 


broader, and sometimes rounder in shape than those of the parental 
diploid varieties. Other 4 n strains were not as strikingly modified 


in leaf size or shape. 


The leaf stomata of the plants from several 4 n strains were 
found to be larger than those of comparable diploids. 


Root shape of 4 n beets, judging chiefly from transplants, was 
not obviously modified. 


Haploid or n pollen produced by normal diploids has been found 
to vary in diameter from 19.5 » to 22.8 ». Diploid pollen produced by 
comparable tetraploids varied between 25.2 » and 29.1 » in diameter. 
The difference in pollen size has served as a good criterion in the 
identification of tetraploid plants. 


With respect to size and weight of seedballs, the most critical 
comparison available is that between the highly self-fertile inbred 
diploid strain 1167 and the second-generation 4 n offspring derived 
therefrom. Two groups of 6 plants each were isolated in separate 
greenhouse units. Based on the combined seed yield of 1 group of 
diploid plants, the weight of 100 seedballs averaged 0.97 gram. The 
average weight of 100 seedballs from 4 representative tetraploid plants 
in the second isolation group was 1.39 grams. It was also observed 
from greenhouse plantings that the seedling stand of tetraploid 
strains was markedly reduced in comparison with that of the diploid 
lines. This indicates that the seedballs formed by tetraploid plants 
contained fewer viable seeds than those from comparable diploids. 
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4. Fertility of Tetraploid Plants.—A majority of greenhouse- 
grown tetraploid plants derived from the highly self-fertile 1167 
diploid strain produced only a small amount of seed from self-polli- 
nations enforeed by the use of kraft paper sacks. Comparative seed 
yields from greenhouse group isolations of the diploid and 4 n types, 
respectively, indicated that the reduction in fertility of the tetra- 
ploids was still quite evident but not as marked as occurs when kraft 
sacks are used as isolators. 


Under greenhouse-bagging conditions, most of the diploid plants 
from varieties U. S. 22, U. S. 23, and U. 8S. 215 were found to be 
relatively low in self-fertility. From limited bagging trials it was 
found that 4 » plants derived from the economic varieties were not 
markedly altered with respect to the degree of self-fertility. 


It was evident that a doubling of the chromosome complement of 
several inbred strains, related to pedigree number 1167, resulted in 
striking modification of yield and fertility. However, the same de- 
gree of change may not necessarily apply to most 4 nm strains derived 
from heterozygous sugar-beet stocks. This result is similar to that 
noted for maize by Randolph (2) who found that a marked decrease 
in vigor and fertility accompanied chromosome doubling in inbred 
strains. Tetraploids from maize stocks not inbred were as vigorous or 


more vigorous than the diploid parents, and were highly fertile. 


The experimental production of polyploid strains of sugar beets 
has increased the scope of genetic problems, particularly those relat- 
ing to cytology, tetraploid inheritance, and fertility characters. 


In so far as the work has progressed, it may be concluded that 
doubling of the chromosome number in sugar beets has not generally 
resulted in greater productivity as compared with the original diploid 
varieties. On the other hand, the occurrence of a few 4 n strains 
which possess good vigor brings up the question whether, by dis- 
criminating selection and breeding, tetraploids may not be found 
which will eventually prove to be of value to the plant breeder. 
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Use of Colchicine in Nutrient Solution 
With Sugar Beets 


A, W. SkupERNA! 






Gardeners have noted an abnormal growth of plants which fol- 
lowed Colchicum autumnale. This fact suggested to the author the 
use of colchicine in nutrient solution or in soil to induce chromoso- 
mal aberration in sugar beets. This method has not been tried before, 
so far as the writer is aware. 


Materials and Methods 


















A rectangular tank of 4-cubic-foot capacity was used with nu- 
trient solutions prepared according to Gericke’s formula.? Soil in 
8-inch pots was also used. Overwintered sugar-beet stecklings were 
planted on January 10 in a seedbed suspended above the nutrient 
solution and in the pots of soil. A total of 350 ec., 1 percent concen- 
tration colchicine was added to the nutrient solution in installments 
at intervals of approximately 10 days. Relatively greater amounts 
were added to the soil in the pots. 












Observation for stoma size in the leaves was made and giant 
pollen was looked for. Note was made of seedball size. Of the plants 
which flowered, some were open pollinated and others were selfed. 
The plants were given supplemental light to make the day length 22 
hours. 








Experimental Results 






The plants in the pots were so distorted in growth that they did 
not produce seed. Those in the tank grew rapidly to a height of 6 
feet, flowered in 60 days and set seed within 90 days. Enlarged 
stomata were observed. Only small amounts of giant pollen were 
found. Seedball size was normal. 















Seed from the treated plants produced a high percentage of ab- 
normal seedlings—thickened hypocotyls and malformed cotyledons 
and leaves. After 3 weeks a count of the entire population revealed 
that 62.4 percent of the open-pollinated lot and 77.4 percent of those 
from the inbred lot were affected. 








Conclusion 







Application of colchicine in the nutrient solution appears to 
merit further investigation. 








‘Manager, Beet Seed Operations, American Crystal Sugar Company. 
*Gericke, William F. The Complete Guide to Soilless Culture. 1940. p. 54. 











Non-Sugar Relationships in Breeding 
High-Purity Beets 


H. W. Dan perc! 


As part of our breeding program, we have carried on work lead- 
ing to high-purity selections since 1930. Because of the time and 
expense involved in making large numbers of chemical determina- 
tions, the purity work has been done on a rather limited scale, as it 
has been one of our minor objectives. Also, we have recognized from 
the beginning that there is a danger in this type of selection which is 
similar to the danger in selecting primarily for sugar content, i.e., the 
danger of developing extreme types which show excellent purity of 
juice but which do not produce enough sugar per acre to be com- 
petitive with other varieties. 


It might be well to mention here that it is very difficult to 
measure from one generation to the next the degree of improvement 
in such constituents as ash, harmful nitrogen, ete. This is for the 
reason that these vary widely with the season, with the soil in which 
the beets are grown, whether leafspot (Cercospora beticola) is pres- 
ent or not, and so on. It is therefore safest to measure the over-all 
improvement over a period of several generations, by comparing the 
high-purity varieties with the same standard. 


During the past 10 years we have made thousands of determina- 
tions of both electrical resistance and harmful nitrogen on individual 
beets, as well as similar determinations, together with true purity, on 
thin juice produced from 20 beets of the same family. As a result of 
these studies we are now inclined to place somewhat less emphasis on 
harmful nitrogen than we were at the beginning, as we feel that we 
can make progress rapidly enough by studying ash by electrical re- 
sistance and check our work by means of true purity determinations. 
The situation might be different if we were interested in developing 
extreme types with a tendency to low yields, but we make every ef- 
fort to avoid this. 


Another reason for not paying too close attention to nitrogen 
content and harmful nitrogen content of breeding stock is the ex- 
treme variability encountered in these figures. This is indicated in 
the following analyses of 12 good breeding stocks. 


‘Research Manager, The Great Western Sugar Company. 
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ee Sa 2 oe Harmful N, 





Percentage Percentage Percentage percentage 
total N total N harmful N on sugar 
Family in beets on sugar in press juice in press juice 

1 1471 1.067 .0525 351 
2 1366 817 .0449 .253 
3 1261 .789 0871 .219 
4 0915 558 0373 .208 
5 1173 .766 0435 .269 
6 1341 881 0633 398 
7 1062 683 0384 .235 
8 -1383 .926 0567 361 
9 1355 832 OATS 277 
10 0981 .640 0255 150 
11 1135 727 .0866 .219 
2 1275 831 .0490 296 





The following figures give general averages for breeding stocks 
which give us excellent purities, both in commercial beets and in the 


factory juices. 
Percentage on Beets 

Total nitrogen............ ; ne ‘ iniesiibasiaatastalaitagiiandihiaimmliea 10 percent 

Harmful nitrogen 08 to 04 percent 

I i certetcceccccnnrcentccrssennenanectetinncenpnemesen 0) percent 

Electrical resistance of juice 80 to 150 ohms 





From the above it is evident that the ash content is normally 
about 5 times as high as the total nitrogen, and the latter is approxi- 
mately 3 to 4 times as high as the harmful nitrogen. 

For much of the past century there have been many investiga- 
tions and speculations as to the relative importance of the various 
non-sugars in increasing the sugar losses in molasses. As is generally 
known, the chief non-sugars which affect the purity of factory juices 
are the following: Mineral salts or ash, harmful nitrogen not repre- 
sented by betaine, betaine, organic and inorganic acids, and other or- 
ganic matter. 

Up to the present time no one knows the melassigenic value of 1 
pound of soluble ash as compared with 1 pound of harmful nitrogen, 
or whether 1 pound of betaine is more or less melassigenic than the 
same amount of ash. 

Since all of these compounds have separate and cumulative ef- 
fects in keeping sugar in solution, and since they could not be sepa- 
rated from each other, it has been an insoluble problem to determine 
accurately the melassigenie effect of each major constituent. There 
has been much discussion and debate on this question among chem- 
ists engaged in all phases of sugar processing and refining. I am glad 
to say that now, however, we are rapidly developing a new laboratory 
tool which should throw light on this problem. By means of the se- 
lective action of various new ion-exchangers we hope to be able to 
produce in the laboratory the following types of molasses: Nitrogen- 
free molasses, betaine-free molasses, and ash-free molasses. 
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When I use the word free, I mean relatively free. We have al- 
ready done considerable work on this subject in our research labora- 
tory, and as time permits, we plan to study sugar solubility and final 
molasses purities obtainable with these unusual molasses types. If 
we succeed, we should then know much more about molasses, about 
non-sugars in beets and their relative importance from the breeding 
standpoint than has ever been known before. It will then be early 
enough to strive for the partial elimination of the particular com- 
pounds in beets which are the most melassigenic, provided that this 
ean be done without sacrificing the maximum production of sugar 
per acre. In any breeding program it must of course be recognized 
that many of these non-sugars are essential to the metabolism of the 
growing beet and they must not therefore be reduced beyond a cer- 
tain minimum. 


Returning now to some tangible figures for the purity of various 
strains of beets, I might say that during the past season we have 
again been struck with the effect of leafspot on purity. The follow- 
ing is a typical comparison of our most resistant strains with our 
regular Great Western non-resistant yield type. The resistant strains 
are the result of many years of breeding, in which major emphasis 
was placed on resistance or ash content, but at the same time sugar 
content and purity were given careful consideration. The compari- 
son was made under very severe leafspot attack in eastern Colorado. 





Res. of 
Percentage pressed juice 
sugar Purity (ohms) 





Resistant strain A 17.4 89.8 62 
Resistant strain B 17.6 88.3 82 
Non-resistant G.W. Standard 14.6 86.6 43 





It must be remembered that the range in both sugar and purity 
would have been very much less in the absence of leafspot. 


Although we have not yet been able to develop maximum purity 
in our commercial Great Western seed, because of the time required 
to develop a variety which is satisfactory in every other respect as 
well as purity, we are gratified to report a very definite reduction in 
the non-sugars handled in our factories during the past 4 years, dur- 
ing which we have used very largely our own seed. These 4 years 
cover years of extreme drought as well as ample moisture, years of 
diseases and no diseases, so we feel sure that the higher purity of 
beets has been primarily due to our breeding work. The best measure 
of the gains we have made is found in the figures for the loss in mo- 
lasses at all of our non-Steffen houses. The year 1938 was the first 
year that we were able to use a large proportion of Great Western 
seed, the crops of previous years being grown with foreign seed. 
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Molasses Produced, Percentage on Beets 





Great Western 
















Foreign seed seed 
1933-4 4.39 1938-9 3.80 
1934-5 4.48 1939-40 3.83 
1935-6 4.21 1940-41 3.82 
1936-7 4.15 1941-42 3.75 
1937-8 4.10 















Average 4.27 Average 3.80 











The figure obtained during the campaign just closed is the low- 
est on record for our company, and would have been still lower in a 
year with less leafspot. 






We are, therefore, convinced that we have been justified in put- 
ting some emphasis on purity in our breeding program. As indi- 
cated above, the results obtained so far have been obtained mainly by 
attention to ash content and leafspot resistance, although the factor 
of harmful nitrogen has not been neglected. 










Some Crossing Experiments with Sugar Beets 


C. W. DoxtTator AND A. W. SKUDERNA! 






The increased yields in crop plants which can be attributed to 
hybrid vigor is a phenomenon which must be considered by every 
plant breeder. In the sugar-beet (Beta vulgaris L.) hybrids of cer- 
tain inbred lines have been reported to give yields not only greater 
than their parents, but also greater than the check variety R. and G. 
Pioneer (4).2, As in many other cross-pollinated crops, however, in- 
breds of sugar beets are commonly lower in yield than their parent 
varieties. 















Unlike corn, where large-scale controlled pollination for hybrid- 
seed production is possible, the sugar beet at the present time can 
be totally crossed only on an experimental scale, and consequently a 
complete utilization of hybrid vigor effects in commercial production 
is impossible. If natural cross-pollination between 2 strains is re- 
sorted to for hybrid-seed production, this seed will be made up of 3 
types: The true hybrid, parent A, and parent B. In order that such 
a synthetic variety may be highly desirable in yield, it is necessary 
that the parents themselves be high-yielding types, and that their hy- 
brid be exceptionally high in yield. 










1Plant Breeder and Manager, respectively, Beet Seed Operations, American Crys- 


tal Sugar Company. 
*Figures in parentheses refer to Literature Cited. 
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It is known that certain synthetic varieties which have originated 
from the natural crossing of several varieties or strains have had 
superior-yielding qualities. Synthetic Check, a cross-pollinated in- 
erease of 9 foreign varieties, has been used in many of the tests con- 
ducted by the United States Department of Agriculture for the past 
10 years, and has been a consistently good yielder during this 
time (3). Recently, a synthetic variety developed and used by the 
American Crystal Sugar Company as American No. 1, has per- 
formed satisfactorily in leafspot areas, where beets are grown for this 
company (1). 

At present, good commercial varieties are available which if used 
for the production of synthetic varieties would, in themselves, not 
be undesirable when fourd mixed with hybrids in the root crop. 
Therefore, it is important to know what average increase in yield 
might be expected from true hybrids between good commercial va- 
rieties. If increases in yields are obtained, it is equally important to 
determine which variety hybrid excels in yield, so that appropriate 
seed increases of synthetic varieties can be made immediately. Fi- 
nally, information can be obtained which may be of value in the ulti- 
mate utilization of inbreds which originate from commercial varieties. 
Up to the present time, however, practically no experimental work 
has been conducted for the purpose of critically studying hybrid vigor 
effects in variety crosses of sugar beets. 

This paper presents the results of tests obtained over the 2-year 
period 1940 and 1941, on a series of commercial varieties and the 
true, or nearly true, crosses between them. 

Materials and Methods 


In these studies, 14 varieties were used, representing a number 
of different seed sources. In the following table pertinent data are 
given with regard to these parent varieties: 


Table 1—Breeding number and source of varieties used in variety hybrid tests— 
1940 and 1941. 





No. Breeding No.* 


Variety source 








Smxneoarwnre 


0-408 
9-702-0 
8-301-0 
7-401-0 
Schreiber 
9-801-0 
8-406-0 
8-409-0 
0-420 
0-419 
0-408a and 0-409b 

0-416 
8-401-0 
8-403-0 


Terra 
Dobrovice N 

R & G Normal 
American No. 4 
Schreiber 
Schreiber 
American 1936 
Fiat Foliage 

U. S. 200 x 215 
American 1939 
Cesena 
American 1938 
U. 8. 217 

U. 8S. 217 





*All varieties were mass selected except No. 8, which was inbred 2 generations. 
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All sib-seed increases and varietal crosses grown in field tests to 
be reported in this paper were made in the greenhouses at Rocky 
Ford, Colorado, during the 1940 and 1941 winter seasons. In both 
seasons, not less than 50 roots of all varieties to be crossed were 
brought out of winter storage by December 25 and potted with rich 
garden soil in 8-inch pots in the greenhouses. The first seedstalks 
were bagged early in February and hybridization work was well un- 
der way by February 25. Seed was ready for harvest by April 20 
in each season. 


During the 1939 winter season, experiments were conducted on 
crossing methods, in order to determine what procedure could be 
used to produce a sizeable amount of pure hybrid seed. Hand emas- 
culation and pollination methods were found to be much too slow for 
this purpose. The enclosing of 2 seedstalks originating from different 
mother roots in various sizes of kraft bags was also tried, but be- 
cause in the greenhouses there are occasionally plants which differ 
greatly in time of flowering, this method was also found to be un- 
desirable. A third procedure, that of bagging the main flowering 
stem of individual plants immediately prior to the opening of the 
flowers and the subsequent switching of each bag containing pollen 
between 2 plants was then tried. In the latter procedure, a kraft 
grocery bag (size 8) was used for each plant. 


A check on the extent of hybridization obtained by the method 
of pollen transfers using kraft bags was made during the 1940 sum- 
mer season, by pollinating plants having the ‘‘rr’’ factor for green 
hypocotyl with pollen from plants having the dominant red hypocotyl 
character. The parent plants used for crossing were also self-polli- 
nated. In all, 15 check crosses were made in this experiment, but due 
to self-sterility of the parents, an accurate check on the R factor was 
obtained on only 5 crosses. 


In table 2 are given the results obtained in testing this technique. 


Table 2.—Results obtained in kraft-bag pollen transfers between flowering plants 
for production of hybrid seed, Rocky Ford, Colorado, 1940. 





Hypocotyl 
character 
as Total No. of Per- 
determined seed seed- centage 
Cross Varieties from in- pro- producing hybrid- 
No. crossed bred seed duced rrplants ization 








1 8-406-0 X 7-401-0 rrX RR 153 153 100. 
2 8-406-0 X 7-401-0 rrX RR 1 260 258 99.2 
3 0-419 X 0-409 rrX RR 48 46 95.8 
4 8-403-0 X 8-403-0 trrX RR 270 52.2 
5 8-408-0 X 7-401-0 rr X RR (a) 7 0 0 
Average of rr X RR crosses ‘ 98.3 





(a) Small amount of pollen available 
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In making these crosses, the first pollen transfer was made when 
one-third of the flowers on each plant were open. The second trans- 
fer (cross No. 1) was made when the flowers were approximately 
two-thirds open. In the ease of cross No. 5, only a very small amount 
of pollen was available on the male parent for transfer to the female. 
The results obtained indicate that under the conditions existing in 
these greenhouses, one or two pollen transfers were required to effect 
complete, or nearly complete, crossing. Furthermore, it was appar- 
ent that plants producing large amounts of pollen were more suitable 
as male parents. 

As a result of these tests, it was decided to carry on all crossing 
work by the use of this ‘‘bag switching’’ technique. Care was used to 
select productive plants as parents. At least 2, and where conditions 
warranted, 3 reciprocal pollen transfers were made between 2 plants, 
both for crosses within varieties, for the production of variety seed, 
and between varieties, in the production of varietal crosses. Since 
the bagging of single-flowering stems of beet plants for the produc- 
tion of first-generation selfed seed in the greenhouses rarely pro- 
duces more than 50 seeds, it was decided to discard seed progenies of 
less than this amount obtained from individual plants used in the 
crossing operations, thereby further reducing the possibility of con- 
tamination of the hybrid seed with self-pollinated seed. 

In all crosses between varieties reported in this study, a mini- 
mum of 6 roots of each variety was crossed in pairs, reciprocally. 
In crosses within varieties, a minimum of 14 plants was used, and 7 
pairs of crosses made reciprocally. The total seed produced for each 
sib or crossed progeny ranged from 34 ounce to 2 ounces in amount. 
In all, 33 variety hybrids and 14 parent stocks were made and tested 
in 1940, and 15 hybrids and 6 parent stocks in 1941. 

The hybrids and parent varieties produced were arranged in 3 
groups for field tests as follows: 

Group No. 1 containing all 15 possible crosses of varieties, No. 1 
to 6 inclusive, along with the 6 parents; 

Group No. 2 containing 18 crosses originating from variety No. 
4, and varieties 7 to 14 inclusive, along with 9 parents; 

Group No. 3 which included the 6 parents Nos. 4, 7, 10, 11, 13 
and 14, along with their 15 possible hybrid combinations. 

A standard check variety was included in all tests for compari- 
son purposes. Group 1 was made up of varieties suitable for North- 
ern beet-producing areas, and was tested at East Grand Forks, Min- 
nesota, in 1940. The leafspot-resistant varieties, groups 2 and 3, were 
tested at Rocky Ford, Colorado, in 1940 and 1941, respectively. 

Due to the very small amount of seed available for test, it was 
found necessary to modify the usual technique of field testing to some 
degree. Group No. 1 was planted on May 20, 1940, in single-row 
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plots, 150 feet long without replication. Group 2 was planted on May 
5, 1940, in 10 randomized blocks of 2-row plots 8 hills long. Spacing 
was 20 inches between rows and 15 inches between hills. Group No. 3 
was planted May 10, 1941, in 10 randomized blocks of single-row plots 
16 hills long. Hills were checked 20 inches x 20 inches in this test. 
Excellent stands were obtained in tests at Rocky Ford, but due to 
lack of moisture, very poor stands were obtained on the test located 
at East Grand Forks, Minnesota. 


The harvest of varieties and hybrids in Group No. 2 was made 
by the competitive beet method as mother roots. These were washed, 
individually weighed, and analyzed as mother roots. Yields of each 
were then obtained by adding all individual weights of the beets from 
each plot. To reduce these weights to a commercial topped-beet basis, 
all plot weights were reduced by 12 percent. The weighted average 
sugar percentage was obtained from the weight and analysis data. 
Group No. 3 was harvested without regard to competition. All beets 
from each plot were topped in normal manner, washed, weighed, in- 
dividually split, and one-half of each root used to obtain a composite 
sample of pulp for sugar analysis. Sugar analysis was made by the 
Sachs-Le Docte cold-water digestion method. The analysis of variance 
(2) was used in tests No. 2 and No. 3 for the reduction of data. 


Experimental Results 


Since a very poor stand was obtained on the varieties and hy- 
brids of group No. 1, only a weight index note was taken at harvest 
time. The results obtained indicated that most of the hybrids ex- 
celled the parents in productivity. One hybrid, 7-401-0 x 9-801-0, 
was exceptionally vigorous and far exceeded the appearance of all the 
parents and most of the hybrids. Eleven hybrids appeared inter- 
mediate in yield performance, and 3 appeared no better than their 
parent varieties. 


In the test of group No. 2, only 18 of the possible 36 hybrids 
from the 9 varieties were made and tested. These data are given in 
table 3. 


It is of interest to note that the top-ranking variety hybrid in 
this test, 8-406-0 x 7-401-0, had as parents 2 of the highest-yielding 
varieties. This hybrid was significantly higher than either parent in 
tons beets per acre, and in pounds sugar-per-acre yields. The lowest- 
yielding hybrid, 8-401-0 x 0-416, was produced from 2 of the lowest- 
yielding varieties in test. Despite the comparatively low yields of 
this hybrid and its parents, the hybrid was significantly higher than 
either parent in percentage of sucrose and in pounds sugar-per-acre 
yield. In comparing the yields of sugar per acre of all hybrids with 
their respective parents it was found that 6 of the 18 hybrids tested 
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. outyielded both parent varieties by a significant margin, 10 signifi- 
cantly outyielded 1 parent variety, and 2 hybrids did not differ from 
their parents in yields. 


Table 3.—Tons beets per acre, perceniage sucrose, and pounds sugar per acre, of 9 
varieties, 18 variety hybrids and check variety. Rocky Ford, Colorado, 1940. 





Tons beets Percentage Pounds sugar 
Variety or hybrid per acre sucrose per acre 


12.57 6294 
6220 





8-406-0 x 7-401-0 25.51 
0-420 x 0-419 26.56 11.85 
0-419 x 7-401-0 23.63 12.61 
8-406-0 x 0-420 23.24 12.67 
0-416 x 7-401-0 23.06 

8-406-0 x 0-419 24.14 

8-409-0 x 0-419 22.42 

8-406-0 x 8-401-0 22.13 

0-419 20.33 

8-401-0 x 7-401-0 23.70 

8-406-0 x 0-409a 19.33 

7-401-0 20.70 

0-420 x 0-409a 22.38 

8-406-0 19.83 

0-409a 21.46 

8-400-0 x 0-409a 20.85 

8-403-0 x 7-401-0 2.50 

8-406-0 x 8-409-0 18.48 

0-419 x 0-409a 19.40 

Schreiber 8. S. (check) 19.83 

8406-0 x 0-416 19.26 

8-406-0 x 8-408-0 17.60 

8-401-0 x 0-416 17.22 

0-420 18.37 . 3995 

8-403-0 17.19 

8-401-0 15.97 ‘ 3468 

0-416 15.45 : 3367 

8-409-0 14.82 ’ 3324* 





Standard error J d 274 
Diff. req. for sig. (19:1) 3. 96 774 
F Value significant beyond: 1 percent 1 percent 1 percent 





**inbred variety hybrids *inbred 


From the data on tons beets per acre and percentage of sucrose 
shown in table 4, it will be noted that the 4 highest-yielding hybrids 
significantly outyielded both parent varieties in root weight. Three 
of these hybrids were significantly higher in sucrose percentage than 
1 parent variety, and 1 hybrid, 0-409b x 7-401-0, was significantly 
higher than the 7-401-0 parent, and significantly lower than the 
0-409b parent. A small increase in sucrose value for each of these 
4 hybrids over the average of their respective parents was also ob- 
served. 


In table 5, yields of sugar per acre of the 6 varieties and 15 hy- 
brids are arranged so that the general combining ability of each par- 
ent can be observed through the average of all 5 of its single crosses. 
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A study of the individual sugar yields of the varieties and hy- 
brids shows that 4 hybrids were significantly higher in yield of sugar 
per acre than either parent, 4 were significantly higher than 1 parent, 
and 7 did not differ significantly from either parent. 


Table 4.—Yields of tons beets per acre, and percentage of sucrose of 6 varieties and 
all possible single crosses, with standard check (group No. 3), Rocky Ford, 


Colorado, 1941. 
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In 3 of these 


















































Comparative 

Tons beets Percentage rank for 
Variety No. per acre sucrose percentage sucrose 
0-409b x 8-401-0 22.5 é 15.95 (3) 
0-409b x 7-401-0 21.04 14.68 (14) 
0-419 x 7-401-0 20.00 14.55 (16) 
0-409b x 8-403-0 18.43 15.69 (4) 
8-401-0 x 7-401-0 17.08 14.60 (15) 
7-401-0 16.46 13.69 (21) 
8-403-0 x 7-401-0 16.91 14.38 (18) 
8-406-0 x 8-401-0 15.68 14.23 (19) 
8-406-0 x 7-401-0 15.68 14.72 (12) 
0-419 x 8-403-0 15.51 15.39 (6) 
8-406-0 x 0-419 15.44 15.97 (2) 
0-419 x 8-401-0 15.26 14.84 (11) 
0-419 15.07 14.39 (17) 
8-406-0 x 8-403-0 14.83 15.00 (8) 
0-419 x 0-409b 14.79 14.91 (9) 
Schreiber S. S. (check) 14.68 13.64 (22) 
8-406-0 14.23 14.85 (10) 
8-403-0 13.56 14.69 (13) 
8-401-0 13.27 14.18 (20) 
8-406-0 x 0-409b 13.12 16.68 (1) 
8-401-0 x 8-403-0 10.93 15.32 (7) 
0-409b 10.01 15.46 (5) 
Diff. req. for sig. 3.25 63 
Sig. of F values 1 percent 1 percent 





Table 5.—Pounds sugar-per-acre yields of 6 varieties and all possible single crosses 
(Group No. 3), Rocky Ford, Colorado, 1941. 















Parent variety number 











Pounds sugar per 

















Parent 
8-406-0 0-419 0-409b = 8-401-0 8-403-0 7-401-0 Variety 
No. 
4892 4336 4567 4397 4620 8-406-0 
4381 4507 4707 5837 0-419 
7152 5758 6148 0-409b 
3332 4975 8-401-0 
4819 8-403-0 
7-401-0 










acre of: 
Average 
of 
single 

Parent crosses 
4200 4562 
4305 4865 
3114 5555 
3758 4907 
3946 4603 
4483 5280 





Diff. req. for sig. (19:1): for individual yields 895 pounds. 





for single-cross averages 400 pounds. 
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4 superior-yielding hybrids, 0-409b was 1 parent, and in 2, 7-401-0 
was 1 parent. Since these 2 varieties were the lowest and highest in 
yield respectively, it would appear that the yielding ability of the 
parent varieties in this test could not be used as an index of the yield- 
ing ability of their hybrids. It will be further noted that from the 
average yields of all single crosses obtained for each parent, 0-409b 
significantly exceeded all varieties for general combining ability, with 
the exception of 7-401-0. 

It is of interest to compare the yield of 8-401-0 x 8-403-0 with 
the 2 parents. These two varieties were derived from the same origi- 
nal variety (table 1) through careful mass selection. From general 
variety tests in 1939 and 1940, these 2 varieties performed differently 
enough in tonnage yield and in percentage of sucrose to be considered 
as distinctly different varieties. The hybrid yield indicates, how- 
ever, that these 2 varieties must have been similar in genetic factors 


Table 6—Tons beets per acre, percentage of sucrose, and pounds sugar-per-acre 
yields of 7 variety hybrids, compared with their parents. Average of 1940-41; 
Rocky Ford, Colorado. 








Hybrid amie Parent Hybrid Parent 
(a x b) (a) (a x b) (b) 


Hybrid 





Tons beets per acre 
0-419 x 7-401-0 17.70 21.82 18.58 
8-406-0 x 7-401-0 17.03 20.60 13.58 
8-406-0 x 0-419 17.08 19.79 17.70 
8-406-0 x 8-401-0 17.03 18.91 14.62 
8-401-0 x 7-401-0 14.62 20.39 18.58 
8-403-0 x 7-401-0 15.38 18.71 18.58 
8-406-0 x 8-403-0 17.08 16.22 15.38 
Schreiber 8. 8S. (check) 16.76 





Diff. req. for sig. (19:1) 





Percentage of sucrose 
0-419 x 7-401-0 13.59 
8-406-0 x 7-401-0 13.51 
8-406-0 x 0-419 13.51 
8-406-0 x 8-401-0 13.51 
8-401-0 x 7-401-0 12.68 
8-403-0 x 7-401-0 13.01 
8-406-0 x 8-408-0 13.51 
Schreiber S.S. (check) 12.49 





Diff. req. for sig. (19:1) 





Pounds sugar per acre 
0-419 x 7-401-0 4467 
8-406-0 x 7-401-0 4498 
8-406-0 x 0-419 4498 
8-406-0 x 8-401-0 4498 
8-401-0 x 7-401-0 3613 
8-408-0 x 7-401-0 3898 
8-406-0 x 8-403-0 4498 
Schreiber S.S. (check) 4334 





Diff. req. for sig. (19:1) 
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for yield. The general combining ability of these 2 varieties as shown 
by the average single-cross yields substantiates this conclusion. 


In table 6 is given the 2-year average yields of 7 variety hybrids 
and their parents. The variety 0-409 (a and b selections) and its hy- 
brids is not included because of the extreme difference in perform- 
ance of the selections in these 2 years. This difference was so great 
that it was not reasonable to presume that it was due to seasonal varia- 
tion. Since the original variety was found to be badly mixed in type, 
it is possible that the root selections of 1940 and 1941 used for cross- 
ing purposes were somewhat different in genetic character. 













In this table the comparisons of the parents with their hybrids are 
of interest. Hybrid No. 1 exceeded both parents by a significant 
margin in tons beets and sugar-per-acre yield, and was measurably 
higher than 1 parent in percentage of sucrose. Hybrid No. 2 ex- 
ceeded both parents in sugar-per-acre yield, and 1 parent in tons 
beets and percentage of sucrose. Hybrids 3, 4, 5, and 6 were sig- 
nificantly higher than 1 parent in tonnage and sugar-per-acre yields. 
The low-yielding hybrid, No. 7, was not significantly different from 
the sugar yield of the parent varieties. 









Discussion of Results 







In this study of variety hybrids, attempts were made to obtain 
true F, crosses for test purposes. From the results obtained (table 
2) it is thought that the method of pollination used produced com- 
plete, or nearly complete, cross-pollination. The varieties used in 
these crossing experiments were mass selected (with one exception. 
8-409-0, table 1,) and consequently contained a maximum amount of 
self-sterility. It is probable that more exact hybridization technique 
might be required for inbred lines which produce abundant self-pol- 
linated seed, in order to insure the maximum amount of crossing. 













As mentioned previously, extremely small amounts of seed were 
obtained from the cross-pollination work. This was due to several 
factors. A large number of roots of each variety were planted in 
the greenhouses each winter, in order to sample efficiently each va- 
riety. To accommodate these roots in the greenhouses, it was neces- 
sary to plant them in 8-inch pots and space the pots closely in rows. 
Kraft bags, size 8, were used because of ease in handling, but in order 
to eliminate damage to the flowering stems, only a small part of the 
main stem could be bagged. Despite the small amounts of seed pro- 
duced, however, it was possible by the use of very small plots in the 
field testing, and also because of the large differences in the yield of 
the progenies tested, to obtain statistically significant differences. 












The results obtained show that certain of the hybrids tested gave 
yields significantly higher than one, or both, parents. This was ob- 
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served by the notes taken on the 6 varieties and 15 single crosses 
grown at East Grand Forks, Minnesota, in 1940, and was statistically 
demonstrated in each of the two tests grown at Rocky Ford, Colo- 
rado, in 1940 and 1941. The increased yield of the hybrids over their 
parents in these experiments can, without doubt, be attributed to hy- 
brid vigor. This increased sugar-per-acre yield was obtained mainly 
through increase in size of root, as evidenced by increased tonnage. 
In no ease was a hybrid found which was measurably lower in yield 
of roots than either parent. A corresponding reduction in percentage 
of sucrose was not obtained, however. In fact, there is a possibility 
that in some of the hybrids, percentage of sucrose may actually have 
been increased. 


Since increased yields may be obtained from crossing of stand- 
ard varieties, as has been observed in these tests, it is of interest to 
determine what yields could be expected from natural crosses made 
by mixing seed lots in commercial seed production. Using the formula 


1 
a = b — — (b—e), where 
n 


< 


a’’ is the synthetie variety, ‘‘b’’ the 


average of all single-cross yields, ‘‘e’’ the parent yield, and ‘‘n’’ the 
number of varieties (5), it is possible to predict on the basis of ran- 
dom, equal,and complete cross-pollination, the probable yields of a 
synthetic variety made from any number of varieties. Using the yields 
obtained from the 2-year average data (table 6), it will be found that 
the superior varieties 0-419 and 7-401-0, if used for a synthetic variety, 
would have produced 5,237 pounds of sugar per acre under these same 
conditions of test. Comparing this predicted yield with the average 
of the parent varieties, a difference of 646 pounds in favor of the syn- 
thetic variety is observed. 


As has been mentioned previously, a synthetic variety, in order 
to be high in yield, must be made of high-yielding parents having de- 
sirable combining ability. Furthermore, crossability must be main- 
tained to a high degree. Normally, the common varieties of sugar beets 
are highly cross-fertile, and to a very high degree, self-sterile. In this 
character they differ from established inbred lines, which although 
are commonly cross-fertile, are also self-fertile. The general tendency 
for yielding ability to decrease with successive generations of inbreed- 
ing has been observed by these authors as well as others (4). There- 
fore, in producing synthetic varieties, well-bred varieties can be con- 
sidered satisfactory parent material, since they are in themselves 
good producers, and, in seed inerease fields, should produce a maxi- 
mum of ‘‘true’’ hybrids. 
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Summary 


1. A method of cross-pollination commonly known as ‘‘bag 
switching,’’ has been used in the greenhouse to produce F, single 
crosses of varieties and sib increases of parents, for field-test pur- 
poses. Complete, or nearly complete, crossing was obtained by this 
hybridization method. 


2. Highly significant differences in yield of sugar per acre 
were observed in both the 1940 and 1941 tests (a) between varieties, 
(b) between variety hybrids, and (c) between varieties and variety 
hybrids. 


3. Average yield data obtained from 7 hybrids and their parent 
varieties tested in both 1940 and 1941, showed that 2 hybrids were 
significantly higher than both parents, and 4 were significantly 
higher than 1 parent in pounds sugar per acre. One hybrid did not 
differ significantly from either parent. 


4. The observed increase in yield of sugar per acre of the va- 
riety hybrids over the parents was obtained mostly through increase 
in size of root, as evidenced by increased tonnage. Increases in per- 
centage of sucrose, although relatively large, were not statistically 
significant. 
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Use of Red Garden Beet in Sugar-Beet 
Top Crosses’ 


G. W. DEMING? 


In sugar-beet improvement studies, strains representing one to 
many years of inbreeding are accumulated in ecnsiderable number. 
Continuance of inbreeding, together with evaluations to determine the 
lines of most value, soon involve very extensive breeding operations 
and field tests. Since inbred strains are chiefly to be used in produc- 
tion of hybrids or synthetic varieties, an early determination of com- 
bining ability and the finding of those which do not hybridize readily 
would afford a means whereby those inbreds likely to be of least value 
may be dropped. In corn breeding, the top-cross method is used for 
this purpose. Top crossing also seems applicable in sugar-beet breed- 
ing. Results of experiments in which the common red garden beet 
was used in top crosses with inbred sugar-beet strains are reported, 
not only to indicate possibilities in the method as applied to sugar 
beets but to show the value of the red garden beet as the tester. 


Experimental Methods 


A single large group planting has been used in which the red 
garden beet as the common pollen parent has been interplanted with 
the inbred strains to be crossed. This has proved to be a practical 
method of obtaining top-crossed seed. In such a planting, chance 
pollination obviously will result in other offspring as well as the top- 
cross hybrids desired for actual testing. However, when the red gar- 
den beet is used as the common pollen parent, the dominant genes of 
this variety, particularly the R and Y color factors, permit all the top- 
eross hybrids to be readily identified. As will be discussed later, de- 
terminations of amount of hybridization taking place with given in- 
bred strains are useful in appraisal of their potentialities. Experi- 
ence over several years with red garden beet x sugar-beet hybrids has 
shown that root yields are high, often exceeding good commercial 
types, and sucrose percentages in the hybrids approximate the mean 
of the parents. 

















Sugar beet x red garden beet-top crosses were made at Fort Col- 
lins, Colo., in 1939 and 1940. Evaluation tests of the hybrids were 
conducted for each production in the next season. The units in these 
tests were the progenies produced by individual plants from the vari- 
ous sugar-beet inbreds which had been accumulated in several years 





iExperiments conducted in cooperation with Colorado Agricultural 


Experiment 
Station. 





*Assistant Agronomist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture. 
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of breeding. A majority of the inbred plants used as seed parents 
produced over 40 grams of good seed. A randomized-block arrange- 
ment was used, consisting of 6 replications of single-row plots, 20 
feet in length. In spite of the recognized limitations of this experi- 
mental design, the small total row length permitted use of seedlots 
as small as 30 to 40 grams. Planting was at the rate of approximately 
15 to 18 pounds per acre. Seed was apportioned for plots in advance 
of planting. A Planet Jr. planter was used in which a tube 3 feet 
long, equipped with a 6-inch funnel at the top, replaced the ordinary 
seed hopper and agitator. One man pushed the planter and another 
man walked beside it dropping the seed from his hand into the funnel. 
Skill in dropping the seed is quickly developed and uniformity of 
seed distribution compares favorably with ordinary machine planting. 
In 1941, approximately 3,400 plots 20 feet in length were seeded in 
slightly less than 22 hours of working time. 


The approximate percentage of top-cross hybrids, identified by 
the previously mentioned color factors as markers, was obtained by 
counts, previous to thinning, of all or part of the seedlings in one 
replication. In most cases, a total count of about 200 seedlings ap- 
peared to be sufficient for a reasonably accurate determination of 
this percentage. At thinning time, the top-cross hybrids were left if 


they were present at about a 12-inch spacing. Very low percentages 
of the desired hybrids sometimes made it necessary to retain non- 
hybrid seedlings. However, full stands of hybrids were obtained oc- 
easionally from seedling stands showing as little as 5 percent top- 
crossing, and satisfactory stands were usual when the amount of 
crossing was 20 percent or more. Stands of 18 to 21 plants per plot 
have been obtained with but few exceptions in the tests considered 
here. 


At harvest time, only the top-cross hybrids were saved, the sugar- 
beet types when present being discarded after note was made of the 
approximate row-length occupied by the hybrids; the weight of roots 
from the partial row-length was caleulated by the appropriate factor 
to a full-plot basis prior to analysis of the data. Such adjustments 
were more or less unsatisfactory when fewer than about 6 to 10 hy- 
brids were harvested from a plot. Occasionally the percentage of top- 
crossing was so low that 5 or fewer hybrids were saved in a plot. 
Such plots were discarded at harvest and the top-cross which they 
represented dropped from current consideration. Precise measure- 
ment of small differences is obviously impossible with this plot tech- 
nique ; nevertheless, it is believed that the larger differences furnish 
a safe criterion whereby that portion -of the inbreds which are less 
likely to be of value in the breeding program may be discarded, with- 
out entailing great risk of loss of valuable material. 
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Experimental Results 


Factors Affecting Top-Crossing.—F or individual progenies, the 
amount of crossing with the top-cross pollen parent has varied be- 
tween wide limits (table 1). There seems to be a considerable ten- 
dency toward uniformity among closely related progenies. 

Seasonal effects also seem to influence the results. Counts of 
top-crosses made in the 1940 tests were not complete but are sufficient 
to show that the general level of the crossing in the seed-production 
year, 1939, was fairly high. In a few cases, very little crossing had 
occurred. In the 1941 plantings, counts of all the progenies were 
made and cover a much larger number of strains. The general level 
of crossing in the top-cross seedplot of 1940 was markedly lower than 
in the previous year. From table 1 it is seen that, in nearly 14 of 
the eases, hybridization was 20 percent or less. Almost without ex- 
ception, all progenies obtained from sib roots from any one inbred 
line showed fairly concordant percentages of hybrids. However, this 
was not always true of roots from related lines arising from a common 
ancestor, one to several generations removed. 


Table 1.—Classification of progenies with respect to percentage of identified hybrids 
from top-crosses between inbred sugar-beet strains and commercial red gar- 











den beets, Fort Collins, Colo., 1939 and 1940, 
Progenies Progenies with indicated amounts of identified 
classified top-cross hybrids 
Year for amount — 
top-crosses of top- 0 to 20 21 to 40 41 to 60 Over 60 Range of 
were made crossing percent percent percent percent crossing 
Number Number Number Number Number Percent 
1939 56 4 7 21 24 3 to 93 
1940 487 159 185 116 27 0 to 81 








Lack of available pollen of the red garden beet, when the inbreds 
bloom, may occasionally account for shortages of hybrids in a popu- 
lation. With an abundance of red garden beets in the seedplot, the 
effect of this is minimized. The principal factor affecting the 
amount of crossing appears to be the degree and the nature of self- 
fertility of the inbred, or, conversely, its tendency toward self- 
sterility. It may be assumed that self-sterile types after two or more 
generations of inbreeding automatically disappear. It appears proba- 
ble that a moderate or fairly high degree of self-fertility in the inbred 
(as evidenced by continuity of the line) does not necessarily result in 
a low percentage of crossing, for some of these inbreds have yielded 
a very high percentage of hybrids when foreign pollen was present. 
However, other inbreds in these tests with high self-fertility gave only 
low percentages of top-cross hybrids. 

Some evidence of the increase of self-fertility in inbred lines is 
afforded by the seed yields of a large number of roots on which kraft 
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paper-bag isolators were used in 1941. These seed yields, classed in 
several yield categories, are presented in table 2. The differences in 
seed yields are not great, but, as is to be expected, there is evidence 
of a tendency for the higher yields to be obtained from the roots 
having record of one or more generations of previous selfing. 


Table 2.—Comparison of seed yields of strains with no previous selfing history with 
those of lines inbred one or more generations. Self-pollination enforced 
under kreft paper bags, Fort Collins, Colo., 1941. 


Plants falling within indicated classes of 
seed yields 


| 








° 
ror] 
Inbreeding history of strains 3s - x 
or lines under test 25 £¢g a oa on B 
a2 as Nn = t=) 2 ae | we 
a 23 ae og og os v2 wo 
= & 2 o ~ ~~ - & Foe 
aS ® ee si © oo ww co wo Ow 
Num- Per- Per- Per- Per- Per- 
ber centage centage centage centage centage 
Strains not previously selfed 269* 31.2 36.1 22.7 8.6 1.5 
Lines previously selfed one or 
more generations 304* 21.4 33.6 19.7 14.5 10.9 





*Approximately “4 percent: in both types of plants with regard “to selfing history 
yielded no mature seed. These cases were omitted from the above total number or 
classification for seed yield since it was obvious, with few exceptions, that plants 
yielding no seed were abnormal or diseased. 

Yields from Top-Crosses.—The results of the 1940 test of hybrids 
obtained by top-crossing are summarized in table 3. For the purpose 
of this discussion, the detailed results are not given, but the variances 
for gross-sugar yields are shown. The highly significant F value for 
the variance assignable to ‘‘hybrids,’’ in comparison to the interac- 
tion, blocks x hybrids (error), indicates that there were certain high- 
yielding hybrids in the test. Examination of the detailed data indi- 
cated that in some cases these high-yielding hybrids were closely 
related and also that if two or more hybrids from the same inbred 
line were compared, their yields often tended to be somewhat similar. 
This would be expected if the particular inbred line in such top 
crosses was more or less closely approaching homozygosity for yield 
factors. It also indicates that for such top-cross tests seed from all 
sib roots of the inbred line might advantageously be peoled rather 
than to deal with many individual progenies, each arising from a 
single root of the given inbred line. 


Table 3.—Analysis of variance for gross pounds sugar per plot in top-cross test, 
Fort Collins, Colo., 1940. 








Variance due to D/F M. square F value 

Blocks 5 21.5259 

Hybrids 107 0.5206 2.15 (exceeds the 
Blocks x hybrids 535 * 0.2416 1-percent point) 





Total 647 
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Table 4—Analysis of variance for root weight per plot in top-cross test, Fort Col- 


lins, Colo., 1941. 


Hybrids in the test 


Assignable 




















variance D/F Mean squares F values 
Blocks a 5 158.55 
Inbreds 47 61.57 4.31%* 3.77**f 
Blocks x inbreds 235 14.28 
Inbreds: Total (287) 
Within inbreds 96 16.31 2.46** 
Interaction 480 6.64 
Hybrids: Total (863) 
a) Commercial or check varieties in the test 
Blocks ae 10.38 
Varieties 1 78.91 5.67 
Interaction: Block x varieties 5 13.91 
Varieties: Total (11) 
Samples of varieties : 4 mai as 8.65 


Checks: Total (35) 








Whole test: Total SOS 








**F value exceeds the 1-percent point. 
*Variance for inbreds 
= 3.77 





Variance within inbreds 


Table 5.—Analysis of variance for gross sugar per plot in top-cross test, Fort Col- 


lins, Colo., 1941. 
Hybrids in the test 


























"Assignable 
variance D/F Mean squares F values 

Blocks _ ees : 3.129235 
Inbreds 47 0.655675 2.50%* 3.74°°¢ 
Interaction: Blocks x inbreds 235 0.252729 
Inbreds: Total (287) 
Within inbreds 96 0.175192 3.23°¢ 
Interaction: 480 0.054244 
Hybrids: Total (863) 
Ve ee Commercial or check varieties in the test 
Blocks 5 0.063301 
Varieties 1 13.045340 58.79** 
Block x varieties 5 0.221871 
Varieties: Total (11) 
Samples of varieties | 24 0.032344 
Checks: Total (35) 
Whole test: Total S98 





**F value exceeds the 1-percent point. 


tVariance for inbreds 
= 3.74 





Variance within inbreds 
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In 1940, a larger number of roots to serve as seed bearers had 
been planted in the top-crossing seedplot and, in a number of cases, 
seed was obtained from 3 or 4 sib plants of the same inbred progeny. 
The seedlots were planted in 1941 in such a manner that comparison 
of the variance within the several inbred groups, i. e. between pro- 
genies of sib roots from the same inbred lines, as well as the variance 
between the inbred lines themselves, and the variance between hybrids 
(ignoring relationship) could be caleulated. Analyses of variance 
for root weight and gross sugar are presented in tables 4 and 5 for 
the 1941 test that included 3 top-cross sib progenies from 48 inbred 
lines. Data from the much smaller number of inbreds with 4 top- 
eross progenies per line were essentially in agreement with the results 
given. 


A good commercial sugar beet and a gliebe-type red garden beet 
were included in these tests as check. The data from the hybrids and 
the checks were separated for statistical analysis, one degree of free- 
dom being dropped for the variance between tests. The red garden 
beet was equal to the commercial sugar beet in yield of roots but was 
significantly low in yield of sugar because of the much lower sucrose 
percentage when compared with sugar beets. 


The highly significant F values between inbreds and within in- 
breds, in the analysis of the top-cross hybrids, indicate that there 
were significant differences in yields regardless of the basis of com- 
parison. The analysis of the data also indicates that a proportionally 
greater part of the total variance was between inbreds rather than 
within inbreds. This last finding seems important, since it indicates 
that seed from a number of sib roots of the same inbred line may be 
combined for use in a test of the top-cross hybrids. However, it 
should be recognized that such combination of seedlots will obviously 
be most efficient with relatively homozygous inbreds. If top-cross 
testing is used to evaluate strains expected to be heterozygous, single- 
plant progenies as units for testing probably will yield more infor- 
mation than bulked seedlots. With such material, to save time, in- 
breeding for the given progeny concurrently may be carried on. 


Summary 


From the tests reported, it appears that the top-cross may be use- 
ful in the elimination of sugar-beet inbreds which are less likely to 
be of value in the breeding program. The red garden beet appears 
to be a satisfactory pollen parent for such top-crossing. Final judg- 
ment of the value of the proposed top-cross method mu&t rest on re- 
sults obtained by the combination of inbreds which the top-cross 
method indicates as superior. 








Generation Studies of Sugar-Beet Varieties 


H. E. BrRewsaKeER AND H, L. BusH! 


It has long been the popular belief, particularly by Europeans 
interested in sugar-beet seed sales in the United States and Canada, 
that continued selection was necessary in order to maintain produc- 
tiveness in a commercial variety. Two years ago the senior writer 
reported some preliminary results on the performance of direct in- 
creases of pedigreed and commercial lots of seed.2, These studies have 
been continued ; first, to develop more pertinent information on this 
subject ; second, to obtain further evidence with respect to the per- 
formance and adaptability of our new productions, and third, to de- 
termine the effect of seed production under widely different condi- 
tions upon the productivity and agronomic characters of importance 
to the commercial beet grower. 


Methods Used 


All plots consisted of 4 rows by 30 feet in length at harvest for 
Longmont, Fort Morgan, and Brush, Colorado, locations. All 4 rows 
were harvested for yield with only the 2 center rows being taken for 
sugars. At Billings, Montana, the plots were 4 rows by 60 feet in 
length at harvest, the center 2 rows being taken for yield and half of 


these roots for sugar. 

The tests at Longmont and Brush were planned using a ‘‘triple 
lattice’’ design with 9 replicates, while those at Billings were simple 
randomized blocks with 6 and 4 replicates, respectively, for A16-40A 
and A16-40W (table 2). Only those tests are included in this report 
where stands were very good, no material corrections for stand being 
necessary. 

The various seed increases, and the tests herein reported, were 
made incidental to the regular sugar-beet improvement, seed produc- 
tion, and varietal test program of the Great Western Sugar Com- 
pany. Under these conditions it has been obviously impossible to 
supervise every phase of the study, and while we have no reason to 
question the purity of the productions with respect to possible mix- 
tures, either by off-pollination with some other lot, or of the seed it- 
self, such possibilities must be admitted. For this reason the study 
becomes more of a practical one since it provides the comparisons 
necessary for intelligent direction of a sugar-beet seed-production 
program. 

In referring to the various classes of seed used in this study they 
may be described as follows: 


1Agronomist and Statistician, respectively ; Experiment Station, The Great West- 
ern Sugar Company. 

*Brewbaker, H. E. Performance of Direct Increases of Pedigreed and Commercial 
Lots of Sugar Beets. Proceedings, A.S.S.B.T. 1:147-148. 1940. 
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Breeding group mixtures are made up of mass collections of seed 
from isolated groups of selected mother beets designed primarily for 
breeding purposes. 

Pedigreed seed results from small plantings of transplanted or 
overwintered stecklings and represents the first mass or unselected 
increase of breeding families. 

Commercial seed may result from the first or any later mass in- 
erease of either pedigreed or commercial seed lots. 

In testing significance the lsd (least significant difference) used 
is based on the 5-percent point with odds of 19:1. 


Results 


The results presented in the following tables were limited to 
those cases where stands were good. 

Increases of Breeding Group Mixtures, Pedigreed, and Commer- 
cial Lots.—The results for increases of breeding group mixtures to 
pedigreed seed are summarized in table 1. 

Of these increases, 4 show significant losses with 1 significant 
gain in yield, and 2 significant losses with 1 significant gain in per- 
centage of sugar. For ali lots tested there was an average percentage 
loss of 4.68 for yield, 0.33 for percentage sugar, and 5.33 for total 
sugar. 

Comparisons of pedigreed lots with their first-generation com- 
mercial increases are made in table 2 in terms of loss or gain for the 
increase in percentage of Standard (GW18). 

The data summarized in table 2 are inclusive for those tests made 
during the past 3 years. In yield there were 2 gains and 6 losses 
which were significant. For percentage of sugar 3 of the increases 
showed gains and 5 showed losses of magnitude sufficient to be sig- 
nificant. As an average of all lots tested the increase generation 
showed percentage losses of 1.78 for yield, 0.50 for percentage of 
sugar, and 2.35 for total sugar. While these are not large there ap- 
pears to be a trend in the minus direction for both yield and sugar. 
The direct increases of commercial lots are summarized in table 3. 

Only 2 of the yield figures are significant, 1 of these being a 5.88 
percent loss for GW31, and the other a 2.25 percent gain for GW42, 
these comparisons being made directly with the commercial parents 
in each case. None of the pereentage of sugar gains or losses were 
significant. The general mean amounted to the very small net loss of 
0.44 percent for yield, 0.79 percent gain for percentage of sugar, and 
0.28 percent gain for total sugar. 

The results indicate some lowering of the variability between the 
original and the increase when these are the first and second com- 
mercial increases (table 3) as compared with increases of breeding 
group mixtures (table 1) or pedigreed lots (table 2). It seems highly 
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probable that little real change has taken place resulting from this 
first increase of commercial to commercial, and that the chances are 
about equal for any gains or losses of real magnitude. 

Effect of Location of Seed Production on Performance.—Several 
eases are available where comparisons of performance could be made 
between separate increases of the same original lot of seed in differ- 
ent locations. The results for these comparisons are summarized in 
table 4, the respective losses or gains for the ‘‘inerease’’ under or over 
the ‘‘original’’ being put in percentage of the standard variety 
(GW18), which has been in all of our comparative variety tests for 
several years. 

There appears to be some rather definite, although not consistent, 
evidence to indicate better yields, with slightly reduced sugar per- 
centage, for Colorado as compared with Arizona increases. The one 
Texas increase of GW31 as compared with the original (GW25) 
showed a significant loss in yield, while the GW26 increase made in 
Colorado and GW33 in Arizona were both equal to the original. 

The two increases of A16 were tested in separate variety tests, 
the two tests being adjacent and in the same field. Stands were ex- 
cellent in each, and while it is only possible to compare the perform- 
ance of these two lots in percentage of the standard, the wide dif- 
ference in yield between the two lots appears to be quite highly sig- 
nificant. 

Discussion and Summary 

When a preliminary report was made 2 years ago the need was 
expressed for further data in order to reach definite conclusions. 
Now that more data are available, we are still hesitant to generalize 
too far. We do believe, however, that the data presented indicate: 

1. Predictions as to the performance of increases of breeding 
group mixtures or pedigreed lots are unsafe, and that comparative 
variety tests can only be relied on in such cases. 

2. Direct mass increases of commercial lots of seed may be ex- 
pected to approximate the performance of the original, at least so 
long as those increases are made under conditions where adverse nat- 
ural selection does not appear to occur. 

3. While the evidence is somewhat conflicting, there appears to 
be some indication of better performance from Colorado-produced 
seed as compared with Arizona-grown seed when tested in Colorado. 

4. Extensive variety tests are indicated as an essential feature 
of any improvement program if the best varieties are to be provided 
for the commercial grower of sugar beets. In these tests, each suc- 
cessive generation increase should be included until it can be shown 
that no further change in the innate capacity to produce has been ef- 
fected. Such increases could well be made on a small scale to pro- 
vide seed for preliminary variety tests, and large commercial in- 
creases would be made only as justified by these’ preliminary tests. 








A Study of Varietal Adaptation with Sugar 
Beets—1937 to 1941, Inclusive 


A. W. SkupERNA, C, W. Doxtator, Epwarp Swirt, 
R. L. BowMAN AND ARTHUR DESCHAMPS! 


Breeding of sugar beets to increase the sugar-per-acre yield is as 
old as the beet-sugar industry itself. The winning of this sugar plant 
from the common stocks of beets used chiefly as feed for animals is a 
demonstration of man’s success through a century and a half of en- 
deavor in adapting a-plant to highly specialized use. The need for 
breeding work was recognized in 1809 by Achard, who clearly sensed 
the future of the industry as hinging on securing suitable varieties, 
and that these could come only as a result of breeding work.* Koppy 
laid the foundation for this improvement work with the development 
of the White Silesian beet, which is reputed to be the ‘‘mother stock 
of all the sugar beets in the world.’’ After the introduction and use 
of the polariscope for analysis of the beet juice as an aid in the se- 
lection of mother beets, rapid improvement in the quality of the sugar 
beet resulted. The increase in knowledge of breeding principles, com- 
bined with further precision in analysis technique has made possible 
continued improvement in the quality and yield of this crop. 

Up to comparatively recent years, most of the beet-breeding work 
was done by certain of the larger beet-seed producing companies of 
Europe. In order to meet a wide range of soil and climatic condi- 
tions, the European producers endeavored to sort out hereditary com- 
binations in the sugar beet, so as to conform to three general types, 
namely: Sugar, intermediate, and tonnage types. From variety test- 
ing work done in this country over a period of 4 years it was found 
that in general these types, or ‘‘brands,’’ performed essentially ac- 
cording to type designation.* Breeding work in America has, how- 
ever, become a necessity because of diseases to which foreign varieties 
are susceptible, and against which diseases, plant resistance can be 
obtained. Furthermore, varieties of sugar beets have been found to 
differ in their productive abilities in different areas, even where dis- 
eases normally are not a factor. Such differential growth response, 
if generally found, can be extremely important in the production of 
maximum yields of sugar in the beet-growing areas. 

In the areas served by the American Crystal Sugar Company, 
a wide range of growing conditions exists. Beets are grown at Ox- 

‘Manager, Plant Breeder, and Field Assistants, respectively; Beet Seed Opera- 
tions, American Crystal Sugar Company. 

2Coons, G: H. Improvement of the Sugar Beet. U. S. D. A. Yearbook, 1936; pp 
625-656. 

*Skuderna, A. W. et al. Evaluation of Sugar Beet Types in Certain Sugar Beet 
Growing Districts in the United States. U. S. D. A. Cir. 476. 1938. 
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nard in southern California, in a latitude of 35° with a coastal cli- 
mate, and at East Grand Forks in northwestern Minnesota in a lati- 
tude of 48° with a dry continental climate. In the San Luis Valley 
of Colorado, beets are grown at an altitude in excess of 7,600 feet and 
in the Sacramento Valley in California at approximately sea level. 
Soil conditions range from peat land to those of low-humus and low- 
nitrogen content. With such diversity of crop conditions existing, 
the plant breeder must immediately conclude that, disease conditions 
excluded, the chances of any one variety being the best yielder in all 
areas, are very remote. 


In this paper dealing with varietal adaptability, the results of 
variety tests to be presented were obtained in American Crystal Sugar 
Company areas, during the 5-year period 1937 to 1941, inclusive. 


Experimental Results 


In 1937, three varieties of sugar beets, one of European origin 
and the other two domestic, were tested under widely different con- 
ditions of length of growing season, altitude, and moisture. In Cali- 
fornia, the test was conducted at practically sea-level elevation, under 
pump irrigation, and extended over an 8-month period. In Colorado, 
the beets were grown at an altitude of 4,200 feet, and under irriga- 
tion, the length of the growing season being 6 months. In Minne- 
sota, the elevation was about 860 feet, and length of growing season 
about 44% months. The results are shown in table 1. 


Table 1—Sugar-per-acre yield of 3 varieties of sugar beets tested in 3 localities— 


1937. 
(Expressed in percentage of the best in each test) 





Location: California Colorado Minnesota 
Variety Oxnard Rocky Ford East Grand Forks 





R & G Normal 100.0 76.0 92.0 
U. 8. No. 217 80.0 98.0 85.0 
American No. 3 5.0 87.0 100.0 








Sig. diff. in percentage 14.2 6.3 7.7 





The conclusions from this test were to the effect that a different 
variety was the best producer at each location. Also, it was apparent 
from these results that an extensive breeding problem exists in the 
production of adapted varieties for these conditions. 


In 1938, these comparative tests were continued with 4 locations 
included in the study. The results are shown in table 2. 
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Table 2.—Sugar-per-acre yield of 4 varieties in 4 locations—iJ938. 
(Expressed in percentage of the best in each test) 


‘Location: California Colorado ys Minnesota 
Variety Oxnard Rocky Ford Mason City East Grand Forks 








R & G Normal 100.0 2. 82.: 89.2 
American No. 3 79.0 85.4 od 100.0 
U. S. No. 14 83.0 80.6 a 97.8 
American No. 36 100.0 98.2 89.4 


Sig. diff. in percentage 


ae 6 9.1 


From the above data, it is observed that in all 4 areas, there are 
statistically significant differences between the highest and lowest- 
producing varieties, and, as in 1937, there was a complete reversal in 
rank of the R and G Normal and American No. 3 varieties, in the 
Oxnard and East Grand Forks areas. From these tests, it appeared 
that the American No. 36 variety could be used with equal facility 
both in the Rocky Ford and Mason City areas. 

In 1939, a group of 14 varieties were tested in 11 locations. The 
results obtained are shown in table 3, which gives percentage yields 
in pounds sugar per acre for 4 of the varieties grown at the same lo- 
cations as in the 1938 test. 

Table 3.—Sugar-per-acre yield of 4 varieties in 4 locations—1939. 


(Expressed in percentage of best yielder of each test) 


Location: California Colorado Iowa Minnesota 
Variety Oxnard Rocky Ford Mason City East Grand Forks 





Schreiber S. 8. 98.8 S4.8 80.3 88.6 
American No. 3 90.4 91.6 100.0 
U. S. 200 x 215 80.2 89.6 88.7 

American No. 36 84.4 100.0 





Sig. diff. in percentage 13.8 8.5 





In this set of results, the Schreiber variety ranked near the top 
in the Oxnard test. American No. 3 was again the high-yielding va- 
riety at East Grand Forks. Leafspot incidence was such as to affect 
the sugar-per-acre yield of the U. S. 200 x 215 variety in the Rocky 
Ford and Mason City tests. The American No. 36 variety again 
proved to be an acceptable variety for these two areas. 

From the results of these 3 years, it is apparent that varieties 
did perform differently in different areas. Therefore, in order to re- 
duce as far as possible the testing of selections which from their origin 
were known to be wholly or in part unsuited to certain areas, 4 gen- 
eral breeding areas were established. These are as follows: 

No. 1—Rocky Ford, Colorado, and Grand Island, Nebraska. 

No. 2—Oxnard, San Joaquin Valley, Clarksburg, California. 

No. 3—Alamosa, Colorado; Missoula, Montana; and East Grand 
Forks, Minnesota. 

No. 4—Chaska, Minnesota, and Mason City, Iowa. 
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In establishing these breeding areas, it was thought that there 
was greater likelihood of a variety being a satisfactory performer in 
the factory districts of each area, than between different areas. It 
was expected, however, that within each area differential response of 
varieties might be observed. 


In 1940, an interesting yield comparison was obtained from two 
mass selections of the Schreiber S. S. variety, both tested for yield 
performance along with the unselected parent, at all three factory 
areas of breeding area No. 3. The selection 8-801 was made at East 
Grand Forks, Minnesota, and the selection 0-301 was made at Mis- 
soula, Montana. In table 4 the data obtained on this test are given. 


Table 4.—Sugar-per-acre yields of 2 selections of Schreiber S. S., and the parent, in 
3 factory areas—-1940. 
(Data expressed in percentage of the highest yielder in each test) 





Location: Colorado Montana Minnesota 
Alamosa Missoula East Grand Forks 





8-801 ; 100.0 83.9 100.0 
0-301 84.3 100.0 81.9 
Schreiber (Parent) 84.1 82.9 85.5 


Sig. diff. in percentage 8.0 10.1 0.5 





At Alamosa, Colorado, the selection of 8-801 outyielded 0-301 
and the Schreiber parent. At Missoula, the local selection 0-301 was 
higher in yield than the East Grand Forks selection and the parent. 
At East Grand Forks, the local selection 8-801 was higher in yield 
than the Missoula selection and the parent. It is also interesting to 
observe, from the data on tons-beets-per-acre yield and percentage 
sucrose, from which the above percentage table on sugar-per-acre yield 
was computed, that each selection in its own locality exceeded in tons 
yield and was equal to or better than the parent variety. When the 
more simple methods of selection are productive of such striking dif- 
ferencés in adaptability of a variety, it can be confidently expected 
that future varieties are likely to show still greater differences as 
more precise breeding methods are employed. 


In 1941, the reactivity of 17 varieties was compared in the non- 
eurly-top areas as represented by breeding areas 1, 3, and 4. Rocky 
Ford, Colorado, was selected as representative of area No. 1, and 
Chaska, Minnesota, as representative of area No. 4. Because of the 
wide difference between localities represented in breeding area No. 3, 
and the large acreage of sugar beets involved, both Missoula, Mon- 
tana, and East Grand Forks, Minnesota, were included. In table 5 
are shown the results of tons beets, sucrose percentage, and pounds 
sugar per acre of those varieties which were significantly higher yield- 
ing in the test. 
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Table 5.—Yields of 7 varieties compared at 4 locations for tons beets, percentage 
sucrose, and pounds sugar per acre—141. 





Location : Montana Colorado Minnesota Minnesota 
East Grand Average of 
Missoula Rocky Ford Chaska Forks 4 locations 





Tons beets per acre 
0-01 15.92 13.64 17.34 17.40 16.075 
200 x 215 x 216 17.69 13.57 17.48 15.83 16.143 
0-705 16.38 13.56 17.12 16.30 15.840 
0-401 15.58 12.36 16.40 15.80 15.022 
Schreiber S. 8. 16.51 13.12 14.36 16.18 15.043 
0-402 16.29 12.98 15.58 15.64 15.110 
Amer. No. 1 Com’'l. 15.52 12.66 15.17 15.82 14.792 





Sig. diff. (19:1) 1.60 1.41 1.52 1.10 





Percentage of sucrose 

0-601 17.21 14.13 12.93 14.26 
200 x 215 x 16.93 13.69 12.36 14.34 
0-705 16.88 13.38 12.01 14.61 
0-401 17.23 14.29 12.99 14.80 
Schreiber 8S. S. 17.21 13.04 12.73 14.51 
0-402 17.11 13.63 12.19 14.50 
Amer. No. 1 Com’'l. 17.00 14.26 12.45 





Sig. diff. (19:1) _ F 53 74 98 





Pounds sugar per acre 
0-601 e 3835 4456 
200 x 215 x 216 3716 4319 
0-705 3632 4123 
0-401 3527 4253 
Schreiber S. S. 3386 3674 
0-402 3423 3772 
Amer. No. 1 Com’l. 2 3598 3772 





Sig. diff. (19:1) DAs 359 400 





Since these tests were statistically analyzed as a 17 variety, 8 
bloc, 4 location test, the data of analysis are of interest. These data 
are presented in table 6. 


From the data presented in tables 5 and 6, some interesting in- 
formation is developed. The statistical analysis shown in table 6 in- 
dicates highly significant differences for areas, blocks, varieties, and 
interaction of varieties x areas, for tons beets, percentage sucrose, 
and pounds sugar-per-acre yield. Comparing the mean squares for 
varieties with the mean squares for the interaction varieties x areas, it 
is apparent that although the varieties were significantly different in 
yield for the entire test, certain varieties showed a significant differ- 
ential response in different areas. It is also indicated from the large 
mean square value for varieties compared with the interaction va- 
rieties x areas, that some varieties performed well in the 4 areas. This 
is factually brought out by a study of the results shown in table 5. 
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Table 6—Analysis of variance of 17 varieties in 4 areas—1941. 





Significance 
Variation due to: D. F. Mean squares F value beyond: 








Tons beets per acre 
Areas q 290.2657 119.17 -percent point 
Blocks 8.3021 3.41 -percent point 
Varieties i . 4.30 -percent point 
-percent point 


Varieties x areas a 1.72 
Error 





Total 





Percentage of sucrose 
Areas d 523.8501 1190.84 
Blocks 2.8920 6.02 
Varieties 2. 5.59 
Varieties x areas . d 2.21 
Error 


-percent point 
percent point 
percent point 
-percent point 


— i 





Total 





Pounds sugar per acre 
Areas ‘ 96,658,337 -percent point 
Blocks 620,657 85 -percent point 
Varieties 983,272 52 -percent point 
Varieties x areas 433,369 4 -percent point 
Error 217,569 





Total - “3 797,226 





Tons Beets per Acre.—In these results, using 1.561 tons as the 
difference required for the variety comparisons at all locations, va- 
rieties 0-601, 200 x 215 x 216, and Schreiber S. S. were significantly 
high yielding in one or more areas. Variety 0-705, while of better 
than average yield in all locations, showed no significant yield dif- 
ferences between areas, although some were suggestively large. The 
sugar variety 0-401, and the American No. 1 Commercial variety pro- 
duced acceptable yields of beets in all 4 locations. For the individual 
locations, varieties 0-601, and 200 x 215 x 216 were significantly high 
yielding in 3 of the 4 locations, with variety 0-705 a close second. 
While the 7 varieties shown were the highest yielding in the 17-va- 
riety test, it is apparent from a study of the average tonnage-yield 
result that varieties 0-601, 200 x 215 x 216, and 0-705 were the high- 
est yielding of all varieties. 


Percentage of Sucrose.—All of the varieties with the exception 
of 0-601 and 200 x 215 x 216 showed significant differences between 
locations in percentage of sucrose in the beet. Sugar varieties 0-401 
and American No. 1 Commercial performed essentially according to 
designation, being outstandingly high at Rocky Ford, under condi- 
tion of severe leafspot incidence which depressed sucrose values in 
the susceptible variety Schreiber S. S. The 0-401 variety also per- 
formed well at the other 3 locations, and in 2 of which the differences 
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in its favor were suggestively large. Of especial interest is the be- 
havior of the 0-601 variety, which under the conditions of this test 
showed remarkably high-sucrose values when its heavy tonnage-yield 
performance is considered. While the differences in percentage of 
sucrose between locations were not significant, they were sugges- 
tively large in 2 locations and above average in the third location. 
The 200 x 215 x 216 variety performed uniformly well, everything 
considered. Comparing the varietal performance in the light of the 
average results, varieties 0-401, 0-601, and American No. 1 Commer- 
cial were the best in the test in percentage of sucrose. 


Pounds Sugar per Acre.—In yield of pounds sugar per acre, va- 
rieties 0-601 and 200 x 215 x 216 excelled in all locations but one. 
Variety 0-705 was a consistently good producer of sugar in all loca- 
tions, in 2 of which the differences were suggestively large. The 
sugar variety 0-401 was also a good performer in 3 of the 4 locations, 
and represents a marked improvement over the parent variety Ameri- 
ean No. 1, from which it was reselected. The Schreiber S. S. variety 
showed marked reaction to leafspot susceptibility, being of low com- 
mercial value under conditions of moderate-to-severe leafspot inci- 
dence. Based on the performance as represented by the average re- 
sults of all locations, varieties 0-601 and 200 x 215 x 216 were 
significantly higher yielding than the Schreiber S. S., 0-402, and 
American No. 1 Commercial varieties. Of these 2 varieties, 0-601 is 
apparently more desirable because of its high-sucrose value and 
therefore of higher manufacturing worth. 


The results of this test follow in general the same pattern as of 
preceding years. There is, however, one exception which runs counter 
to the previous trend of results. Variety 0-601, a synthetic increase 
of selections made from 4 leafspot-resistant varieties at Mason City, 
Iowa, in 1940, was high yielding in tons beets and pounds sugar in 3 
of the 4 locations. In percentage of sucrose, it was among the best. 
On the basis of these results, this synthetic variety comes more close- 
ly to fulfilling the requirements of a general variety for the locations 
ineluded in this test than any variety tested thus far in these areas. 
This apparently indicates that varieties of a wide genetic base, resist- 
ant to leafspot and of good tonnage yield might be used interchange- 
ably for locations similar to these, and especially under conditions 
where seed of improved locally adapted varieties is not available. 


Discussion and Conclusions 
From comparative tests conducted over the 5-year period, 1937 
to 1941, inclusive, it was observed that a number of commercial va- 
rieties performed by areas differently-in tonnage yield of beets, and 
percentage of sucrose in the beet. It is evident that the highly vary- 
ing environmental conditions of disease, soil type, altitude, latitude, 









356 AMERICAN Society SuGar-BEet TECHNOLOGISTS 


length of growing season, climate, and other factors affect the pro- 
ductivity of varieties differently. AJthough resistance to disease has 
been commonly observed to be a major factor in determining yields 
in certain areas, it was by no means the only factor of importance in 
these tests. This is clearly demonstrated in table 4, in which beet 
yields of leafspot-susceptible varieties tested under leafspot-free con- 
ditions, but varying as to other factors, are shown, and significant 
differences in yield were obtained. 


In the 1941 tests (table 5) certain domestic varieties were found 
to be significantly high in yield in several of the areas under test. 
Varieties 0-601, and 200 x 215 x 216 appeared more nearly to meet 
the requirements of general varieties for interchangeable use in the 
4 areas herein discussed. In the intermediate-yielding group, va- 
rieties 0-705 and to a lesser extent 0-401 were consistent performers 
regardless of area. On the other hand, the European variety Schrei- 
ber S. S. was lowest in yield in 2 areas because of high degree of sus- 
eeptibility to the leafspot disease. 


In view of the results obtained during this 5-year period of test, 
it appears highly necessary to test thoroughly new varieties in all 
areas where possible commercial utilization is planned. The results 
also indicate that as a general practice, it is desirable that commer- 
cial varieties used in any commercial sugar-beet growing area be made 
from increases of elite stocks originally selected in that area. 





Report on 1941 Tests of U.S. 200 x 215, U. S. 
215 x 216, and Other Varieties Arising in 
Leafspot-Resistance Breeding Investi- 
gations of the U. S. Department 
of Agriculture 


G, H. Coons, Dewey Stewart, J. O. CULBERTSON, G, W. DEMING, 
J. O. GASKILL, J. G. LILL, aNb 8S, B. NucKkors! 


Agronomic evaluation tests were conducted in 1941 on U. S. 200 
X 215 and allied varieties of sugar beet arising in the leafspot-resist- 
ance breeding project. Tests were conducted by members of the staff 
of the Division of Sugar Plant Investigations in cooperation with ex- 


Principal Pathologist, Associate Pathologist, Assistant Agronomist, Assistant 
Agronomist, Assistant Pathologist, Associate Agronomist, and Associate Agronomist, 
respectively, Division of Sugar Plant Investigations, Bureau of Plant Industry, U. 8. 
D. A. 
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periment stations and other cooperators at 9 locations. J. H. Torrie 
of the Wisconsin Agricultural Experiment Station, in cooperation 
with beet-sugar companies operating in Wisconsin, conducted tests at 
3 locations. 


In addition, cooperators in research organizations of the beet- 
sugar industry have contributed results from their tests with these 
varieties, as follows: H. W. Dahlberg and H. E. Brewbaker, the Great 
Western Sugar Company, tests at Brush, Colo.; A. W. Skuderna, 
American Crystal Sugar Company, tests at Rocky Ford, Colo., Grand 
Island, Nebr., Mason City, Iowa, and Chaska, Minn.; M. J. Buschlen, 
Farmers and Manufacturers Bect Sugar Association, tests at Ottawa 
and Maumee, Ohio, and at Bay City, Michigan; G. M. Bradford, 
Monitor Sugar Company, tests at Au Gres, Mich.; F. R. Bach, Michi- 
gan Sugar Company, tests at Saginaw, Mich.; and H. D. Brown, 
Canada and Dominion Sugar Company, tests at Chatham, Ontario, 
Canada. For the leading varieties a total of 27 tests is reported—6 
in Colorado, 1 in Wyoming, 2 in Nebraska, 1 in Iowa, 2 in Minnesota, 
3 in Wisconsin, 4 in Ohio, 7 in Michigan, and 1 in Ontario. 


Comparisons in table 1 are with Synthetic Check, a variety ob- 
tained by pooling equal quantities of 9 European brands and using 
this mixture to produce a seed crop. In our experience, Synthetic 
Check has shown a performance equivalent to the best European ton- 


nage types and superior to many European brands. The results in 
1940 bore out this opinion, and those of 1941 are also entirely in line. 
In absence of leafspot, the variety is a strong competitor but falls 
below U. S. 200 X 215 when leafspot is a factor. The general su- 
periority of U. 8S. 200 X 215 to Synthetic Check seems shown again 
in these tests. 


Comparison is made between the new variety U. 8. 215 X 216 
represented by seed lot 0-257-00 and U. 8S. 200 X 215. In 20 of the 
26 tests, the new variety produced more sugar per acre than the 
standard, the difference in many cases being significant. It is ques- 
tioned if the seed lot 0-257-00 had as large a proportion of hybrids as 
might occur with production of seed in larger seed fields and under 
more favorable growing conditions, since the improvement over U. 8. 
200 X 215, while definite, is not so large as was anticipated. The 
variety is more leafspot resistant, higher in sucrose, and it may well 
replace U. S. 200 X 215 as seed stocks become available. 


In tables 3, 4, and 5, new candidates, 0-14-00, 0-281-00, and 
0-1804-00, involving hybrid combinations, are brought to attention 
by means of comparison with U. 8. 200 X 215. For the double cross, 
0-14-00, only identified F, plants of the 2 indicated crosses (U. S. 
216 X 215 and Cesena X 215) were used. In this manner, the pure 
phase of the parental strains that may have occurred in seed of the 
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original crosses as a result of selfing was excluded from the seedplot. 
Seed lots 0-281-00 and 0-1804-00 represent, respectively, U. 8S. 216 X 
a high-yielding, moderately resistant inbred (8-266-0) and U. 8. 215 
X 8-419-0, a high-suerose and highly resistant selection from Rovigo- 
581. All of thése combinations show excellent promise which, if 
borne out in future tests, opens a way for new introductions. 


The performance of the varieties is given in table 6 as averages 
from all locations (17) in which the complete lists of tests 1 and 2 
were used. The averages are expressed also as percentages of U. S. 
200 X 215. In addition to comparisons already given in tables 1 to 5, 
where a large number of tests (20-26) could be used, attention is 
ealled to the excellent performance of 0-252-00 in relation to U. S. 
200 X 215 and Synthetic Check. Variety 0-252-00 was produced by 
interplanting in the seed field equal parts of U. 8. 200, U. S. 215, and 
U. S. 216. From table 6, it is to be noted that the new varieties are 
all superior to Synthetic Check and U. 8. 200 X 215 in acre-yield of 
gross sugar. Likewise, superior sucrose percentage is shown by the 
new varieties with the exception of 0-1802-02. Acre-yields of roots 
for the new varieties, as judged by the averages, are generally above 
Synthetic Check and U. 8S. 200 X 215. This superiority in root yield 
is not so consistent as is the superiority in sucrose percentage and in 
acre-yield of gross sugar. There are several instances of superiority 
of a new variety in both sucrose percentage and root yield over (1) 
U. 8. 200 X 215, (2) Synthetic Check, and (3) the local variety. The 
last named was not uniform throughout the various tests, but was the 
variety supplied by the cooperator. 


The 1941 results are gratifying in their general showing that 
many varieties, including those arising in breeding work of beet-sugar 
companies, are attaining a high level of leafspot resistance and ex- 
cellent performance. In many cases, tests of greater precision, and 
over a longer period, will be necessary to settle which of many prom- 
ising candidates are the outstanding. For the districts in which leaf- 
spot attack is frequent, breeding investigations must center on the 
attainment of high leafspot resistance without sacrifice of high pro- 


ductivity. 





*(a1Bnbs uspnox) sazBoY[de1 F PB 8380} UsUODST MY 
“1UZns S801, 


sot ser + aauelazIG 
FE'CI 60'S LIO'F ccl’t asvivay 








Ltt £6°F1 Gor POLS ole' wey eVYyD ‘op1ejTg 
19°81 L9°8L Ie tL LIs’s 8014) ny “QIN 
s0'9r 6S°SL FELL 100'F 4y9 Avg “Won 
wOLT S191 COLT eS UM “WIN 
06°F1 88'FL 10'8 Sel'z Suysuvy yseq “WoW 
oe’cl 00'9T WIL Ss 5 ar sommney ‘OGD 
Ltr ect IST BABIIO ‘OIVO 
erect Zo'et cor a7e3[0H ‘O1"O 
Oe Or te'L1 OL'6L MIM UA ‘OIWO 
00'cT O8'cL ce'er ovyT up puog “oO8IM 
oe £3 : F oo'et OL'FL Cesl Bysousy “OSTA 
ee 8% OB ZI OZI Last uMO sa LOg {4°98TM 
8's Lz Se FL t0'cI z79'OL Boose mM “UNIT 
09 FP nite 0Z'eT Orel 62°02 29919 JJNIQs}}00g “1qeaN 
i¢ “i es ‘a OF'ST 0o'ct SF6I *Z86'C uojpsuyi0y, “OAM 
oF 6% vite = Pret 6st Let e0Fl'F ‘Wa 'M ‘piog A¥D0y “OTOD 
8F 8's = exis WEI etter 8o°cT *198'8 piog AYXIOY “O[OD 
re Fd 3 126 2°86 Se°IT 6FZI 10°S1 rT a sUuyIOg Mog “OLoD 
et vz 106 F116 82°91 69'9I 90° ST i cos‘9 yny “oOloD 
89 oF £06 816 OS tT gel FSI 628'E suo Wog “oloD 
aZvjueoi0d aZujusoied 80} spunod spunod 








y4D Giz X yoaqD Giz X 4G Giz X yoy) yoy) clz X wop}B007T 
‘udg 00z $2. “udg 006 81. ‘udg 002 SA. “udg udg 002 $A 





SZulpeer JUdLIIJJo09 es80100y ae3ns 
yodsjua’] Ayuand 


*[{BAB-"OIpUy 
yuasvddy - 


JO plets-al0y 





(p2}0U @8{[M1eq}0 ssajUn ‘seTvIaAB jO[d-g 8B UsATZ 8}[N89q7) 
380} Wo1g *(sad4} aBvuU0} UvedoiNng sejzEMxordde) yYooyD oeqQ}IUAgG YUNA CIZ X 00S ‘S “A JO SuOs{sBdUI0D [HEL PUL—T PGBL 





jojd g ‘Muulsug pus ‘sod g ge AUD Avg ‘sjo[d 9 F*seIpH Ny ‘(83803 g) SJO[d F ‘UsuOds AA ‘sJO[d G ‘QSNIg : sUOL}BaTTdeyL 
“IBJZNS SSOINH, 





+ ts + oo + Liz + 900919331 
Z6°S1 S81 86'FT ZOl't 6LE'F advIVAVy 
Il'9L 6L°91 98'LI ZLE't #60°C Wey wYyD ‘oj1vjUO 
80°9T . cir § 8090'S 66F'S savulseg “qoIW 
coor Zo 1 +019'E PS ss dO ¢ {se1p Ny “QOIN 
Z9'SI f 68°01 LIS’ 6LE' se1p NY “YIN 
La 1I , oP el *88't #LI0'¢ ee (MD Avg “WON 
Te'9r . - ¥00'F 6st’ 49 Avg “qoINW 
Co'LI , ree'¢ 6zt'S Tieaen “4th 
89°F : SeI'z 698'T Suysuvy weg “qo 
1°91 ‘ eeL‘'s £60'8 sommneA ‘Ol"O 
£891 . e's vert BAB}IO ‘ONO 
LVcl : 80F'% 6°62 a7e3(0H ‘ONTO 
9¢'8T : t's L19‘¢ HeM UBA ‘OTTO 
0e'9T ; 620'F LL‘ ow] op puog “OstM 
6LL'E 108’ Bysousy “OST M 
ozs"e OFe's uMmowseal[foq 4 OSTA 
z 0216'S *98L'E Byseyy “UUT 
List goes Boose mM “UU, 
L9ZT #906'S *008'F pussy, puvin “1qeN 
9ST #998 *818'9 JINIQS 100g “AQaN 
oust : 82'0Z 29t6'C o9F8'9 uojwsuysi0y, “OAM 
OF9T : ZELT +619 sIS9'C syusnig “o0D 
6Z 8% 80°FI . #91 *206'S ot00'F piog Ayo0y “OOD 
8's ez = - £e°e1 ; FST *880'F ol SL‘ ping AyIOY “OlOD 
ze TZ 2°86 U6 ‘ SI'el fj 0Z' +1 res ree's sUI9D WOW “OOD 
tz or 16 8°16 OV'LI f T8°6r 1169 ¢30'9 yay “oOToD 
ge oF 816 0% 6F OL , eat ese‘ 91L0'F SUTTON WoW “oloD 
aSZejueoied aFAv uaoi9d su0} spunod spunod 

















aG 


S12 X002 OO'LEZ-0 SIZ X 00G 00-182-0 = SIZ X 006 00-L92-0 «= SIZ X 00% 00-192°0 «= STZ X ONE 00-1&2-0 mo}, B00'T 





Sujpwes JUATIIJJa0o as010ng 8100 auZns 
yodsjue'y] Ayjand 


“‘[yBsB-‘orpuy 
jusisvddy - 


JO plats-aroy 





(P2e}0U SO8[M19q)O SsazUN ‘seAuUAVAB Jo[d-g SB UaATZ 8j[NS82q) 
‘T 389} Molg “CIS X OOF ‘S “1 U4 (91Z X CIZ ‘S ‘O) 00-LEZ-0 JO StOstIBdMIOD THEOL PQI—Z GUL 


G 








‘(aienbs uwepnox) sejzeoydel * PBY 83803 UlsUODsT AML 
“IVBNS BSOINs 








ZyOUt+ suUaIeIG 
0e°ST 20°91 S6l'F RGF uveyy 








TO'ST 92°cT Fist ¥09'F BY wYD ‘ovo 
9¢°ST 2061 T9L's 268'E sai NY “WOW 
ae'91 TL9L y 108"F oer's 4y19 Avg “youn 
GL’9r 08°9T ‘ 12z°S Z9'S 190 “GOT 
OF FL £9°F1 6t8'T 880% Sujsuvy yseq “Yow 
6°91 SLT j 92'S 681'E amine ‘OWO 
£3°S1 6191 280'F 019'F B4B}10 ‘OLUO 
09st 9T9or P 619s 006'% a78Z[0H ‘OO 
OV LT ¥e'8T ores CI6'S WeM UBA ‘OT"O 
O8’cT Os'LT 620°F 606'8 ov] np puog “OSTM 
OL'FL OL’sT 9¢"cT OLL’S OLI't Bysousy “OSTA 
OLS og'st st 64°02 GZ8'E Tee'F umozso[foq 4ST M 

mat 0901 Sotr Zee'z 88's Boose mM “CUT 

rs ~ : OVer 62°02 St 0% #852'9 #0TS'9 33019893098 “IGEN 
‘il it Sm is ; 08ST OO'TZ 88°6T eZIL'9 #892'9 uojsuyaioy, “OAM 
s% 4 , 68°81 62ST G2'9r olSt'S e91SF ‘a ‘M pa AXIOM “OOD 
oF vz ae i : 98'FT £21 LO'9T #809°S *89LF ‘adg ‘plog Ay00y “OT0D 
6% V3 : lO FL oc’ct 9F'ST 9GL's 60'F suyyoD Wog “Oop 
&% oT P e891 00°F 12°2 900°L 1089 way “oop 
Ss vt F re "Ss &2'Or 6°8T Orer €82'e 1Za't suI9D Mog “O[oD 
aZejusoi0d §=aZeyueai9d suo} suo} spunod spunod 











clz 00-FL-0 Bo cla 00-FT-0 cle 00-FT-0 cle 00-FT-0 a0}; 800T 
X 002 X 006 X 002 X 006 X 002 





Bulpve. qUa{d1JJe00 asoiong 8}004 iv3ns 
qodsjuo'] Ayand *[]BAB-"oTpuy 
queisddy — —— 
JO plet4-a10y 








(P2300 s8{M19YIO SsaTUN ‘sUOTZBIO, OZ BY} JO GORA Wio’y SaBvAVAV Yo d-g BU UAAlZS 8}[NSEq) 
‘% 380} MOIg “CIZ X 00Z ‘S “A WA OO-FT-O JO WoOsfvduIOdD TFET PUL—'E PGBL 





S pu + 8j0jd 9 eA - 

All) AB $ ‘ 
seensaterenterateeaninmemeeess . @ S014 9 $#eIH ny ‘(93893 g) sold 5 Vntintititin: tonesin 
tee JST Sane 2 és oe 


"(89803 ¢) Sj}0;d » ‘UfsuODBI MA ‘sj0O[d 6 ‘Ysnig :suOIjBaIdeys 
‘IVSNS SSOIN, 





910 + 0 + uses + aouarazyICG 
62ST cO'oT 7 £9°ST 002'F Leg* oFvIIAVy 








£6°F1 C7'OT fl est ZLE't Z6L'e mBy By ‘oj1ejUCO 
L931 10°61 LL'01 LiIs‘e 91e's sein ny “Qo 
68°SI 19°91 y re'8T +00'F 860° 4yp Avq “qo 
SL91 ; 00ST 8" L6¥'S i209 “Yor 
88°F ; 90°8 sels Izv'% Supsuey yeug “qorn 
00'9T ; arr $8L'z e1z's aouIneA ‘ONO 
ee'el i ‘ OL'9T H's ct BAR}IO ‘ONO 
ZOE , Lit 80F'Z 160°E ayesloH ‘ono 
Ig'Lt : 188 6tC'S ZLL‘S WOM UBA ‘OTO 
0 ‘ , OR8’eI y 29°F 620'F gec'r avy] np puog “O8IM 
43 ; , , OLtI ¢ Le'eI OLL'E 1gz* Bysouey “OSIM 
8% . f OZ . 3 WLI Czs's OZI't GH 20; 40 4" OST 
- es ail 6LZ1 ‘ : 99°C o7l6'S +066'S vyseyy “uu 
Lz ; Hel , . OFFI LIs‘’t L's nooseM “UUTW 
a} y : £091 , 0s"sT 2906'S +100 puvs, puvip “1qe 
tt ce Over Of OT : 1e°0z 2988"¢ 20699 WNIGsI}00g “AqeN 
; mid 0st 6c ; 2946'S *816'S uojsuya0y, “OAM 
se ae sie 40°91 6F OI y *6L10'C +901‘ sqsnig “oop 
6z ST = 681 82° FT F ; 2206'S of80'F ‘UM Plog AXI0y “OTOD 
8's | 4 - Stel tF'CI ‘ ‘ *880'F oGLL't piog AyIoY “OTOH 
ez 6! 8°86 6FZI CO'EL : PLS's Li9s SUIIIOD Wog “o1oD 
td ZT ‘ cle 69°9T SO°LT , L169 ecs'9 way “oop 
oF i 816 9e°CT Igor ess's £62'F sUITI9D WoOg “OTD 
atujquaos0d atejusaoied suo} spunod spunod 








cizX 00-182-0 ; 00° 186-0 00- 182-0 cizxX 4 ciz xX 00- 182-0 m0} 800'] 
008 00% 002 


Supe. JUBPIIJJI09 os010NS 8}00y augns 
yodsjRe'y] syjand “‘[1Bae-o1puy 
jueinddy 


JO ples-a10y 


(pe}ou a8[M10q}0 SsezUN saZvasav jord-g BB UaATZ 8j[N8azT) 
389} MOIG “IZ X 00S 'S “M1 GIA (917 6 “A X Pequy SuypyoyA-q31q ) OO-18Z-0 JO SuOs{avdmOd [FEL OUL—F P1481 





*s}01d g ‘mBulZug ‘8}01d 9 ge‘M319 Avq ‘sj01d g t'seap ny ‘(83803 ¢) sjo[d F ‘ujsuoos;M ‘sj0O[d g ‘YsnIg :suUOT}BOTdey4 
“IBSNS SBOIN, 


ae oo + cso + use + s0Udt9JFIC 
oT 90°61 LOSI 26°ST OZ’ 199°F a3e1vaAy 








cz 8 Loc zor tO 90°61 FIe't ors meyyeyD ‘oj1eUO 
9 : IFS 1¢e°91 SLE t0°SI 809°E 09L's sasulseg “Wor 
oT 0c'9I FO'LT #601 ZOSI s019°S echl't t4se1p ny “qr 
OT ; 9¢"Sl Le'8I Sr LEST 192'E 0c0't 8891p RY “WoW 
‘ a OL SL LI Lal 66°41 #t88'F elce’c ee (AND Avg “qOTW 
ramet) | ze'9r Lyi #661 $08'F arG'e 4y9 Avg “qo 
GL'or 8O°LT FSI 8e'8T 1z3'S OFFS 1429 “GOW 
OF FL ra a | Ig'h Il'6 6ST zg" Suysuey 3sVq “WOW 
£691 EOL wi IS'3 923" FIL‘ soumneA ‘OTGO 
a" OVLt zo'9I 68°91 Z80°F BAB}NIO ‘O1UO 
86ST 90" 08°01 61's ayezjoH ‘OVO 

LL’8T OLLI 96°LT ores WOM UBA ‘OTUO 

OZ LT €L'oI 80°91 620°F avy np puog “ost 

OF OT 69° FL 60°ST O11‘ Bysousy “Ost M 

OL LE'8I #602 &z8't umoysapfod 4ST M 

19'FT 09°01 1e'tt zee‘s Boose mM “UU 

0e'9T z'0% ze'6r *8tZ'9 JINIQS}}00g “IQON 

og’cl OO'1Z ZL'61 *20L'9 uojsusI0y, “OAM 

08'9T 62° LT 88°02 #610 sysnig “o1oD 

Zs'ét 6Z'ET Tret oLoP's ‘UM piog AyI0y “OTOD 

eT - = ‘ It tI £281 29ST #809'E paog A¥o0y “OOD 
6% eT 2°86 #L'ST ge'S Zh FL 9SL‘s sUNLOD WoOg “OTOD 
eZ It 6°88 +68 : 98°eI 00'FZ Z8'1Z 900°L way “oop 
*S 6T Li6 26 ‘ Over 68° 1Z'St e81'e 92o'F suo Wog “ofoD 
asejueied atuyusosed suo} suo} spunod spunod 








C12 X 00-F08T- cleX 00-F08T-0 cle X 00-F08T-0 cl2X 00-F08T-0 cz X 00-F08T-0 Wo}; BI0'T 


008 006 002 00% 006 











Sulpve.r qUayd]yjJa00 asoi0ng 83004 avZsns 
0dsjve'] 4yand *‘[]RaB-“oTpuy 
queinddy — 





jo plets-a10y 








(p2e}0U o@8{M10q}0 SsajUN BeTvVIGAB Jod-g SB UaATZ 8}/NSIq) 
‘O GA (UleIas JUL SIs0e1-JodszRe] AIQZIQ X CIZ ‘S ‘O) 00-FO8ST-O JO SUOSsTIvdMOD THEI PUL—S AGL 





“IL-N OUBZZAL JO JNO VWOTIIIAWBGes 

“(1je10UNn,_) TEg-OF{aoy jo yno suopjoejag) 

“SUIBIJS Poiquy [BIdANS SZujssord Aq poonpoid sopjapVAa dJeqIUAGS 
“BUa89 JO JNO NOPPeagT 

‘SUO[}BVIOT BNOTAVA 9y} Zuowe s1djjJIp soueq ‘10zBI19d 009 Aq pajda[ag) 
*‘[BlsejeUM ADVI, WOIy Fulspav suyesjys porquy, 





4} 1BA [B00'’] V —— 
00-LOST-0 es0-868I-8 X (CIZ X 912 'S ‘M) 
00-G08T-0 0-1Zt-8 X 912 8S “0 
00-FO8T-0 L0-61F-8 X SIZ 8 ‘0 
Z0-ZO8T-0 $00-L8¢-8 X $00-19ZI-8 
00-CT-0 40-S0FT-8 X SIZ 8S ‘1 
00-F1-0 (Siz X BU2E89D) X (SIZ X 9IZ “S “N) 
CtOe “DOV clz X 002 'S ‘1 


8'Sor 026'F 

eo'9T Lcor Tro’s 
Lg'9T " Z'901 180‘ 
TO'9L SLL git‘ 
$z'°e1 ; OZOT 9es‘F 
80°9T c'001 COL 
tIT'9T } Z'801 Tere 
LYcI ; 0°00T CEL t 


NANAAAARAN 





£001 go’ct : Yor 188 
216 80°cT 2001 : O16 eoc's 
Lor ¥'91 POL o°60T 6z1'S 
coor gost 0or OTOL LoL 
0or 6o°ct T Sor 0901 £96'F 
rSOL re'oT Lb 9'S0r Tost 
Tr ctr or Lior 2901 16> 00-LSz-0 91 X SIZ 8S “1 
O00L te"er v00i 0'00T T89°F Sz0g “OV clz X 002 ''S “1 
eZujusa010d aZejuedi0d a3ejudoi10d spunod ‘ON pag uolid[19080q 


{1BvA [B0O'T V penne 
ccol “VV yoaq9 I eq WAS 
00- 182-0 «0°99Z-8 X 912 S$ ‘0 
00-082-0 «0-C92-8 X G1Z S ‘0 
00-ZS2-0 91z X SIZ X 002 'S “1 
00-922-0 91z X 002 6 “1 


Sees es Ss Ss et 





Cizx0ooz% e2ujus0i0d c1zxo0e CizZx00% prayé 89.L AVIVA 


ABA aBvsvay 4)0118A o3vs9aAy £918, e3vi9aAy 


esoiong 8}004 iIvZns ssoiy 





“10430 94} Ul G80N) GIA 389} OMO UT SdTJOTIVA JO UOs[AvdMIOD 10} sdUBMIAOJI0d JO S}UAaTIIJ 
-J2909 8B posn oq ABU SaN[BA @FujUGIIed Seq T, ‘HOOT 8B paessoidxe Zujeq Aqpenbe ‘3803 B Uy AJaJABA Yous 10J CIZ X 00S ‘S “A JO Jeq) OF BOT) 
-BI91 Ul poessordxe O18 SAFBIVAR sseq J, “‘POBVAGAE 90q BABY ‘UMOIT 210M BITJOPABA JO BIST] OJ9;dMIOD YoY JU SUOT}BOO] OSOq}) MWOIZ ‘Z PUF T 
8389} 10J BIB ‘AJOLAVA YORI JO} SUOTIBIOT LT JO SoFvIGAV SU MAAS 2FRjuUaeIed asorONs (g) puB ‘asvuu0} (JZ) ‘ABBNs ss0Iz ([) Jo AivMMINgS—'g 2qBJ, 





Further Studies in Newer Designs for Large- 
Scale Variety Tests 


H. L, Busut 


Agricultural field experimenters have often in the past been un- 
able to secure valuable or pertinent information because they were 
handicapped in not having the proper designs available by which to 
lay out their tests. Probably the greatest source of error has been 
soil heterogeneity, and many attempts have been made to devise some 
scheme whereby the effect of this variation could be minimized. 


Review of Literature 


The randomized scheme of plot technique as devised by Fisher 
(4), where each replication includes all varieties or treatments in a 
eomplete block setup, has given very satisfactory results; and it was 
from these designs that Yates (12, 13, 14) evolved the quasi-factorial 
scheme whereby incomplete blocks are used as the basis for the re- 
moval of variations due to soil heterogeneity.2, He reported (12) 
gains of from 26 to 57 percent in precision for the quasi-factorial over 
the randomized complete block arrangement. Each incomplete block 
contains only a small number of the strains or treatments being tested, 
a complete replication being made up of a series of these incomplete 
blocks which are arranged so that variance can be removed for the 
strain or treatment which is free from block effects and thus an er- 
ror variance is obtained for testing the strain or treatment means. 
Since all incomplete block designs have the property that the number 
of varieties or treatments included in each block is smaller than the 
total number to be tested, there is consequently a gain in precision 
due to the use of smaller blocks, at the expense of loss of information 
on those comparisons which are confounded with blocks. The total 
effect of soil heterogeneity determines whether or not this gain in 
precision due to using smaller blocks more than offsets the other loss 
of information. 


Goulden (5, 6, 7) discusses the use of the several types of quasi- 
factorial designs and presents type problems to demonstrate the cal- 
culations involved. He (6) found gains of from 20 to 50 percent in 
precision for the quasi-factorials over the randomized complete blocks, 
and concludes that an increase of 50 percent in precision on the av- 
erage might be expected by using these designs instead of the random- 
ized complete block setup (5). 


1Statistician, Experiment Station, Great Western Sugar Company. 
2Figures in parentheses refer to Literature Cited. 
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Day and Austin (3) have made practical use of the 3 dimensional 
scheme in work on forest genetics and found their test, using 729 
varieties of pines, to have a precision of 250 percent when compared 
with the randomized complete block design. 

LeClerg (8) caleulated the relative precision of the quasi-fac- 
torial and randomized complete block arrangements on sugar-beet 
seedling-stand data assuming 36, 25, 16, 9, and 4 hypothetical treat- 
ments. He found gains of 39 to 1 percent in precision for the quasi- 
factorial, when comparing the 2 designs for 36 treatments in 1937 
and 1938, respectively. The fewer number of treatments resulted 
in only small gains or losses when using the quasi-factorial, so he con- 
eludes that with 25 or fewer treatments a slight gain in precision may 
result, but a loss is more likely. 

Skuderna and Doxtator (10) in testing sugar-beet varieties un- 
der varied conditions conclude that the incomplete block designs are 
likely to be less efficient than the randomized complete block design 
for tests of 16 or less varieties, about equal in efficiency for 25 va- 
rieties, and with large gains in efficiency where 49 varieties are being 
tested. 

Bush (1) reported precisions of 206 and 268 percent for weight 
of beets, and 228 and 296 percent for sugar percentage, using 343 
strains of sugar beets when comparing the three dimensional design 
with the randomized complete block design. He further reported pre- 
cisions of from 141 to 262 percent for weight of beets, and from 131 
to 196 percent for sugar percentage when comparing various other 
types of quasi-factorial schemes with the randomized complete block 
design. 

All of the above mentioned publications have dealt with the de- 
signs whereby inter-block information was not recovered. A newer 
method of calculation has been developed whereby both inter-block and 
intra-block information may be recovered. Cox, Eckhardt and Coch- 
ran (2), Yates (15, 16, 17), and Pope (9) have presented actual prob- 
lems covering all quasi-factorial designs with their analysis, using this 
newer method of calculation. A substantial gain in precision is ob- 
tained by this new method over the older method. 


Nomenclature 


There has been considerable confusion in the nomenclature of 
these quasi-factorial designs, which are also known as pseudo-factori- 
als, the following list being presented in order to clarify the different 
terminology. 

Balanced lattice—two dimensional with all possible groups of 
sets. 

Balanced incomplete block—incomplete randomized block. 

Lattice square—quasi-Latin square. 
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Lattice design—two dimensional with two groups of sets. 

Triple lattice—two dimensional with three groups of sets. 

Cubic lattice—three dimensional with three groups of sets. 

The nomenclature as first given will be used to designate the de- 
signs in this paper. 

Precision and Efficiency of Designs 

Quasi-factorial designs have been used quite extensively in the 
variety-testing program of the Great Western Sugar Company for 
the past 3 years and the precisions of these tests for 1939 and 1940 in 
percentage of the randomized complete block are presented in table 1. 


Table 1—Precision of quasi-factorial designs in percentage of the randomized com- 
plete block design—1939 and 1940 results. 





Precision of 
quasi-factorial 


Percentage 


tested 

| varieties 

| replicates 
Plot size 


| No. of 





4 rows x 30 feet 
2 rows x 30 feet 
2 rows x 30 feet 
2 rows x 30 feet 
2 rows x 30 feet 
4 rows x 30 feet 
4 rows x 30 feet 
4 rows x 30 feet 121 
4 rows x 30 feet 2 110 
4 rows x 30 feet 134 
4 rows x 30 feet 142 
4 rows x 30 feet 244 
4 rows x 60 feet 106 
4 rows x 60 feet 111 108 
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= 
— 
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Balanced incomplete block 1939 
Lattice design 1939 
Lattice design 1939 
Cubic lattice 1939 
Cubic lattice 1939 
Triple lattice 1939 
Triple lattice 1939 
Triple lattice 190 
Triple lattice 1940 
Triple lattice 1940 
Triple lattice 1940 
Triple lattice 1940 
Triple lattice 1940 
Triple lattice 1940 
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9 
9 
6 
6 
6 
9 
9 
6 
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These precision values were obiained by the older method of cal- 
culation whereby inter-block information was not recovered. In all 
eases there was a gain in precision by using this method, even in cases 
where only 16 varieties are involved and some very large gains are 
noted where a larger number of varieties are included in the test. 
There is, also, a tendency for a greater precision where the number of 
replicates is increased. Precision values are high according to the 
1939 results for the triple lattice, and since this design is a very prac- 
tical type for our tests, it has been the only quasi-factorial design used 
in 1940 and 1941, where it has given satisfactory results. 

The newer method of calculation was used in 1941 where only 
the triple lattice was employed. These results are presented in table 
2, the precision in percentage of the randomized block being presented 
where inter-block information was not recovered in comparison with 
the newer method whereby both inter- and intra-block information 
were recovered. 
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Table 2.—Precision of the triple-lattice design comparing intra-block with inter + 
intra-block recovery in percentage of the randomized complete block design 


—1941 results. 





Precision of triple lattice 





w/w’ (b) Intra-block Inter + Intra-block 





Percentage 
sugar 
per A. 
Percentage 


| replicates 
Tons 


| varieties 





4 rowe x 6 feet 
4 rows x 30 feet 
4 rows x 30 feet 
4 rows x 30 feet 
4 rows x 30 feet 
4 rows x 30 feet 
4 rows x 30 feet 


— 
— 
a 


eusaraag 
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(b) Weighting factors. 


It is very apparent that the newer method for calculation is more 
precise than the older method which is, of course, to be expected, but 
in order to analyze properly these data it might be well to refer to the 
literature where the question of efficiency and precision is adequately 
discussed. 

Weiss and Cox (11) on page 304 of their bulletin describe effi- 
ciency. According to their discussion when w/w’ is equal to 1, it 
means that the soil is homogeneous and the efficiency of the triple- 
lattice design is below that of the randomized complete block arrange- 
ment. In heterogeneous soil when w/w’ is greater than 1, the reduc- 
tion in block size by accounting for more soil variation usually more 
than compensates for the loss of information due to the arrangement. 

Cox, Eckhardt, and Cochran (2) (table 25) give the percentage 
efficiency of triple-lattice designs with a given value of k (number 
of varieties per block) and w/w’ (weighting factor). The gain in 
precision of the triple lattice in comparison with the randomized 
complete block will not be greater than the percentage efficiency, but 
this indication may be altered somewhat due to the local conditions, 
so that the precision may be greater or less than the indicated effi- 
ciency. However, this table does serve as a good check on the compu- 
tations. Percentages less than the ones given cannot be expected 
where w/w’ = 1. If we apply the rule that equal weights are used 
when B < E, B and E being the block and error mean squares, re- 
spectively, the lower limits are set by the efficiency of the design plus 
a loss of information due to inaccurate weights, which has a maximum 
of 4 to 5 percent. 

The results obtained in these tests confirm the fundamental con- 
cepts of this design so that while there may be some question as to 
the necessity of using the design for 16 varieties, at least nothing is 
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lost and by keeping the blocks together, by replicates which was done 
in these tests, it is possible to use the randomized complete block 
analysis where there is no apparent gain in precision. 


General Considerations 


There are several points which make the quasi-factorials appeal- 
ing to the sugar-beet experimenter strictly from the agronomic view- 
point when testing a large number of varieties. It has seemed ad- 
visable to use relatively large plots in testing sugar-beet varieties, 
which are normally very heterozygous, in order that a fairly large 
sample might be taken without employing too great a number of rep- 
licates. Plot sizes as used in our work are 2 rows (20 inches apart) 
x 30 feet for some preliminary testing, 4 rows x 30 feet for some test- 
ing on the Experiment Station, and 4 rows x 60 feet in tests which 
are more or less cooperative with farmers. The smaller block of the 
quasi-factorial is desirable from the standpoint of soil variability on 
account of these relatively large plots. Irrigation control is much 
easier within a small block than over a large number of plots in a 
block or replication of the randomized complete blocks. It may be 
extremely difficult to complete one set of operations over one whole 
replication within a short enough time to consider it as uniform, 
especially if changes in weather occur. Also, general labor opera- 
tions may be handled more efficiently with the smaller quasi-factorial 
block as a unit. 

The general recommendation has been to use quasi-factorial de- 
signs where 25 or more varieties are involved, but from the results 
obtained here it would seem that we are safe in placing the limit at 
16 or more varieties for sugar-beet variety testing. These are arbi- 
trary limits and may be altered somewhat due to varying conditions. 
However, if tests designed as quasi-factorials are arranged in the field 
so that the blocks form complete replicates in as compact a form as 
possible the use of the randomized block analysis should be used where 
losses in precision are found to occur by the quasi-factorial analysis. 

While the triple lattice has been found to be very practical and 
precise in our tests and can be highly recommended, no experimenter 
should use this or any other of the quasi-factorial designs until he de- 
termines which of these designs is the better adapted for each par- 
ticular experiment. 

The following list of characteristics should be an aid in deter- 
mining which of the designs to use. 


1. Balanced lattice: 
(a) V=k?*® (where V —the number of varieties and k — 
the number of varieties per block). 
(b) Number of replicates in units of k + 1. 
(ec) Block is unit. 











370 AMERICAN Society SuGAr-BEEet TECHNOLOGISTS 


2. Balanced incomplete block: 
(a) V=k?’—k+1. 
(b) Number of replicates in units of k but there is no com- 
plete replication except where Youden Squares are used. 


(ec) Block is unit. 


Lattice squares: 
(a) V=E*. 
k+1 
(b) Number of replicates in units of where k is odd 
2 
and k + 1 where k is even. 
(ce) Square is unit. 


Lattice design : 
(a) ¥=k*, 
(b) Number of replicates — 2, 4, 6, 8, ete. 
(ec) Block is unit. 


Triple lattice: 
(a) V=-*. 
(b) Number of replicates — 3, 6, 9, ete. 
(ec) Block is unit. 


Cubie lattice: 
(a) V=—k*. 
(b) Number of replicates = 3, 6, 9, ete. 
(ec) Block is unit. 
Summary 


Since all of the tests using the quasi-factorial designs thus far 
conducted by the Great Western Sugar Company show a gain in pre- 
cision over the randomized complete block, these precisions ranging 
from 101 to 358 percent, the additional effort necessary for planning 
the experiment and analyzing the data certainly is justified. There 
should be no hesitation as to the use of quasi-factorial designs in 
sugar-beet variety testing under the varied conditions of the Great 
Western territory. 
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Selection of Sugar Beets for Size of Root 
Under Wide and Normal Spacings' 


JoHN O. GASKILL? 


The use of 40 x 40-inch spacing as an aid in testing sugar-beet 
varieties was suggested by Nuckols (3) in 1936. He pointed out that, 
with conventional 12 x 20-inch spacing, errors are introduced by vari- 
ations in stand which cannot be avoided by the use of competitive 
beets and stated that the use of 40-inch spacing, as a method of elimi- 
nating the effects of irregular competition, had been tested with some 
promise.* In 1938 Nuckols (4) proposed the use of this spacing as 
an aid in selection of sugar-beet roots for breeding purposes, and dis- 
cussed several advantages of the method. 


1Contribution from the Division of Sugar Plant Investigations, Bureau of Plant 
Industry, U. S. Departmert of Agriculture. 

*Assistant Pathologist, located at Fort Collins, Colo. The writer is indebted to 
Dewey Stewart, Associate Pathologist, for advice in connection with the planning of 
this work, and to R. Ralph Wood, Agent, for assistance in carrying out the details 
of the experiment. 

*A competitive beet is one which is surrounded by normally spaced beets. 
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Gaskill and Deming (2) in 1938, reported results obtained from 
a replicated experiment in which 32 strains or varieties of sugar beets 
were compared under 40 x 40-inch and 10 x 20-inch spacings. The 
correlation coefficients for varietal performance under the 2 spacings 
were found to be 0.62 for weight of root and 0.78 for sucrose per- 
centage, both values being highly significant. Individual weights 
and analyses for 960 roots, representing 6 varieties, indicated that 
variability in weight of root was much less under wide spacing than 
under normal spacing, the difference being highly significant. Vari- 
ability in sucrose percentage, under the 2 respective spacings, did not 
differ greatly. These data showed further that, in weight of root, a 
sample of 10 beets taken at random from 40 x 40-inch spacing was 
equivalent, in statistical accuracy, to a sample of 24 competitive beets 
taken at random from 10 x 20-inch spacing. 

Deming (1) in 1940, stated that 2 years’ results, involving a 


total of 11 varieties, showed the same relative trend in yield and 
sucrose percentage for both 10 x 20-inch and 40 x 40-inch spacings. 


The work reported in this paper was undertaken primarily for 
the purpose of comparing the relative effectiveness of selection for 
root size under 40 x 40-inch and 10 x 20-inch spacings. 


Methods 
Four varieties of sugar beets were used for this experiment. They 
may be described as follows: 
1.—U. S. 215—Seed No., Ace. 5012—<An inbred strain, not 
highly uniform. 


2.—Synthetie Check (F,)—Seed No., Ace. 1016—The sec- 
ond commercial increase of a pool of seed of 9 standard 
European brands. 

3.—5-577-0—The second generation of a so-called ‘‘hybrid”’ 
involving 3 inbred strains.‘ 

4.—6-194-0—The third generation of a ‘“‘hybrid’’ involving 
many inbred strains.* 


Except for No. 2, the above varieties are more or less resistant to 
Cercospora leafspot. However, this disease was not an important fac- 
tor under the conditions of this experiment. 


In 1938, near Ault, Colorado, plants of the first 2 varieties were 
grown under ordinary field conditions in 2 spacings, namely: 40 x 40- 
inch and 10 x 20-inch. After elimination of non-competitive beets in 
the latter spacing at harvest, each of the 4 populations amounted to 
approximately 1,000 plants. , 


*Actual degree of hybridization was not determined. 
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Foliage was removed in the usual manner for mother beets, and 
2 groups, of approximately 150 roots each, were selected from each 
population as follows: Group 1—largest roots; Group 2—smallest 
roots. 

Each of the 8 groups of roots so obtained was brought to seed in 
1939 in an isolated location. Seed from each location was harvested 
as a pool. 

Varieties 5-577-0 and 6-194-0 were grown in 1938 under wide 
spacing only, and large roots were selected as outlined for varieties 1 
and 2, except that roots with undesirable shape were avoided. Seed 
was grown in the following season as described above. 

In 1940 the 10 seedlots produced were included, together with 
seed of the parents, in a field test primarily for comparison of root- 
yielding ability. The test was located in a field near that in which 
the selections had been made. A modified Latin-square design was 
used with 8 replications of each variety, plots were 4 rows wide and 
47 feet long, and plants were spaced 12 inches apart in 20-inch rows. 
At harvest time all roots in the 2 center rows of each plot were topped, 
washed, weighed, and analyzed for sucrose percentage. Root yields 
were determined on an actual-weight basis. 

Results 

Performance of progenies of U. S. 215 closely paralleled that of 
progenies of Synthetic Check, and consequently the results obtained 
from the 2 groups of progenies were combined as shown in table 1. 

Identical average root yields were obtained for progenies of large 
roots selected under wide and normal spacings. This yield figure, 
taken as an average of all progenies of large roots (32 plots), ex- 
ceeded the mean yield of the parents by 0.81 ton per acre. This dif- 
ference closely approached the 5-percent level of significance (0.87). 

The average root yield of progenies of small roots selected under 
normal spacing was only 0.40 ton per acre below the mean yield of 
the parents; a difference far from significant. On the other hand, 
tne acre yield shown for progenies of small roots selected under wide 
spacing was 1.54 tons below that of the parents, and 1.14 tons below 
that shown for progenies of small roots selected under normal spac- 
ing. Both these differences were significant, and the former exceeded 
the 1-pereent point. 

Sucrose percentages obtained for the progenies of large roots 
were consistently below those obtained for the parents, and con- 
versely, sucrose percentages of progenies of small roots were consist- 
ently above those of the parents, but these differences were not sig- 
nificant. 

In gross sucrose per acre, progenies differed only slightly from 
the parents except for the progeny of small roots selected under wide 
spacing which produced 311 pounds per acre less than the parent; a 
difference which closely approached significance. 
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Table 1.—Field comparison of progenies of large and small sugar-beet roots selected 
under wide and normal spacings; data presented as 8-plot averages, except 
where otherwise indicated.* 





Root Gross 
yield sucrose 
per Suc- per 
acre rose acre 
(per- 
(tons) centage) (pounds) 
U. &. 215: 
Parent Acc. 53012 20.22 14.29 5833 
Progenies of large roots from: 
Wide spacingt 9-1019-0 20.92 13.54 5716 
Normal spacingy 9-1021-0 21.22 13.99 5972 
Progenies of small roots from: 
Wide spacing 9-1020-0 19.03 14.43 5507 
Normal spacing 9-1022-0 20.65 14.34 5047 
Synthetic Check: 
Parent Acc. 1016 20.30 13.04 5719 
Progenies of large roots from: 
Wide spacing 9-1017-0 21.22 13.78 5839 
Normal spacing 9-1024-0 20.91 13.64 5704 
Progenies of small roots from: 
Wide spacing 9-1018-0 18.41 14.68 5422 
Normal spacing 9-1023-0 19.07 14.35 5475 





Averages (each based on 16 plots): 
Parents 20.26 14.12 5776 
Progenies of large roots from: 

Wide spacing 21.07 13.66 5778 

Normal spacing 21.07 13.82 5838 
Progenies of small roots from: 

Wide spacing 18.72 14.53 465 

Normal spacing 19.86 14.35 5711 





Average gains of progenies over per- 
formance of parents (shown as differ- 
ences between 16-plot means) : 
Progenies of large roots from: 
Wide spacing 
Normal spacing 
Progenies of small roots from: 
Wide spacing 
Normal spacing 
Differences required for significance 
(Odds 19:1) 





*Plants spaced 12 inches apart in 20-inch rows. 
*Plants spaced 40 inches apart in 40-inch rows. 
tPlants spaced 10 inches apart in 20-inch rows. 
**Exceeds the 1-percent level of significance. 


The results obtained from selection of large roots under wide 
spacing are summarized in table 2 for all 4 varieties. In root yield 
the progenies exceeded the parents by an average of 1.15 tons per 
acre, and in sucrose percentage the parents exceeded the progenies 
by an average of 0.61. Both these differences were highly significant. 
In gross sucrose per acre the difference was very small and far from 
significant. 
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Table 2.—Field comparison of 4 sugar-beet varieties with progenies obtained from 
large roots selected under wide spacing; data presented as 8-plot averages, 
except where otherwise indicated.* 





Root Gross 
yield sucrose 
per Suc- per 
acre rose acre 





(per- 
(tons) centage) (pounds) 

U. 8S. 215: 

Parent Acc. 3012 20.22 14.29 5833 

Progeny 9-1019-0 20.92 13.54 5716 
Synthetic Check: 

Parent Acc. 1016 20.30 13.94 5719 

Progeny - 9-1017-0 21.22 13.78 5839 
Narrow-base hybrid: 

Parent 5-577-0 18.74 14.24 

Progeny 9-1025-0 19.43 13.23 
Wide-base hybrid: 

Parent 6-194-0 18.32 14.39 

Progeny 9-1026-0 20.63 13.89 5724 








Averages (each based on 32 plots): 
Parents 19.40 14.22 5546 
Progenies 20.55 13.61 5621 
Diff. (gain of progenies) + 1.15 — 0.61 + 7 
Diff. required for significance 
(applicable to 32-plot averages) 
Odds 19:1 0.71 0.35 237 
Odds 99:1 0.96 0.47 320 





*Selections were made from beets spaced 40 inches apart in 40-inch rows; beets in 
field test were spaced 12 inches apart in 20-inch rows. 


Conclusions 


While definite conclusions cannot be drawn from 1 year’s re- 
sults, the data presented suggest the following tentative conclusions 
regarding selection for weight of root: 


1.—Improvement in root-yielding ability can be obtained in cer- 
tain varieties by selection of large roots under wide-spacing condi- 
tions, with subsequent mass increase. 


2.—No difference was shown between the effectiveness of selec- 
tion of large roots under wide spacing and under normal spacing. 


3.—Geneti« lack of vigor apparently was strongly associated with 
the size of small roots under wide spacing, while such a relationship 
was not shown for small roots under normal spacing. 


The results obtained from this experiment tend to substantiate 
previously published suggestions that the wide-spacing method may 
be used to advantage in connection with very small seedlots, both for 
preliminary evaluation of breeding strains and for selection of mother 
beets. 
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Comparison of Field Seeding of Sugar Beets 
and Mangel Wurzels with Two Methods 
of Transplanting’ 


JoHN O, GASKILL? 


Experiments regarding transplanting of sugar beets for commer- 
cial beet-sugar production have been reported by Nuckols (2), Pritch- 
ard and Longley (3), Goss and Holt (1), and various other investi- 
gators. The reports differed as to the feasibility of transplanting for 
this purpose, and the method has not come into general use. 


Transplanting of seedlings obtained from very small seedlots re- 
cently has become a common practice in connection with sugar-beet 
breeding work. The principal reasons for the adoption of this method 
are: First, that the limited numbers of seedlings obtained from such 
seedlots can be used to maximum advantage, and second, that gaps 


1Contribution from the Division of Sugar Plant Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture. ~ 

2Assistant Pathologist, located at Fort Collins, Colo. The writer is indebted to 
R. Ralph Wood, Agent, for assistance in carrying out the details of this experiment. 
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in stand largely can be avoided. It is recognized that transplanting 
of sugar-beet seedlings ordinarily causes abnormal branching of the 
tap root, but it has been assumed that neither this change in type of 
root growth nor other effects of transplanting interfere seriously with 
development of final root size and sucrose percentage, in so far as 
comparison between strains or individual plants is concerned, pro- 
vided that the population in any given test is made up entirely of 
transplanted seedlings. 


The preliminary experiment reported in this paper was con- 
ducted for the purpose of comparing relative performance of widely 
differing types of beets grown from direct field seeding and from 
transplanted seedlings, respectively. A wide-spacing arrangement 
was used in order to avoid the effects of competition. 


Methods 


Ten sugar-beet varieties or strains, three mangel-wurzel varieties, 
and two F, hybrids of mangel wurzels and sugar beets, representing 
a wide range of types in both root-yielding ability and sucrose per- 
centage, were used in the experiment. In the field, plants were spaced 
40 inches apart in 40-inch rows, and plots were 1 row wide and 23.3 
feet long. Each variety occurred in a compact block of 3 plots in 
which the following treatments were applied, respectively : 


a.—Seed planted in field, directly. 


b.—Seed planted in 3-inch flower pots in the greenhouse; 
seedlings transplanted in field 4 weeks later. 


e.—Seed planted in 1 x 8-inch paper tubes in greenhouse; 
seedlings transplanted in field 4 weeks later. 


In each treatment seed was pianted on May 4, 1940. 


In order to offset an expected nitrate deficiency in the paper 
tubes, they were watered, during the third and fourth weeks after 
seeding, solely with a 0.7-percent solution of sodium nitrate; and a 
few days after transplanting, each of these plants was given a sur- 
face application of approximately 1 heaping teaspoonful of sodium ni- 
trate. Thinning of plants in pots and tubes was done before trans- 
planting, leaving a single plant in each container. Thinning of plants 
of treatment ‘‘a’’ was done about June 13. 


All roots were dug on September 27, trimmed as mother beets 
(see fig. 1), and washed. After a short period of storage in the root 
cellar, each beet was weighed and analyzed for sucrose percentage. 
Analysis was performed by means of a standard boring method. 
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Figure 1.—Representative roots of an F: hybrid, of sugar beet x mangel wurzel, 
which were grown to maturity in the field, under 40 x 40-inch spacing, after being 
started as follows: (a) direct field seeding, (b) seedlings started in 3-inch flower 
pots, and (c) seedlings started in 1 x 8-inch paper tubes. Note differences between 
treatments in length and degree of branching of the fleshy part of the tap root. 
Rule at left is 18 inches long. 


Results 


As shown in the summary of results (table 1), the correlation co- 
efficients for weight of root were 0.91 for treatments ‘‘a’’ versus ‘‘b’’ 
and 0.85 for ‘‘a’’ versus ‘‘e’’. For sucrose percentage the coefficients 

””? 


were 0.96 for treatments ‘‘a’’ versus ‘‘b’’ and 0.97 for ‘‘a’’ versus 
**e’’, All four of these values were highly significant. 


Coefficients of variability for weight of root did not differ sig- 
nificantly, but the difference approached significance in one case, 
namely: Treatment ‘‘b’’ (28.05) and ‘‘e’’ (35.92), suggesting that 
the tube method of transplanting (‘‘c’’) tended toward a greater 
variability between individual plants. In sucrose percentage, none 
of the differences between coefficients of variability approached sig- 
nificance. 


9? 


The average weight of root for treatment ‘‘a’’ was larger than 
that for treatments ‘‘b’’ and ‘‘e’’, being significantly larger than the 
latter. In sucrose percentage the treatment means were almost iden- 
tical. 


In comparing the three treatments as to apparent effect upon the 
fleshy part of the tap root (see figure 1), it was noted that the tube 
method of transplanting did not materially affect root shape, while 
the use of pots resulted in short, highly branched roots. 
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Table 1—Comparison of field seceding of sugar beets, mangel wurzels, and their hy- 
brids with 2 methods of transplanting; data obtained by weighing and ana- 
lyzing individually 239 roots grown under 40 x 40-inch spacing. 





Treatment and average weight Treatment and average 
sucrose* 


Variety of root* 
a b e 


No. 





(per- (per- (per- 


(pounds) (pounds) (pounds) centage) centage) centage) 


Sugar beets 
(inbred): 


Sugar beets 
(commercial) : 
sS 
1) 
10 


Mangel wurzels 
(commercial) : 
11 10.47 
12 10.90 
13 7.48 


Sugar beets x 
mangel wurzels 
(F:) :7 

14 
15 





Total number of 
roots 97 
Mean 6.46 
Variance analyses :§ 
S. E. (mean) 0.489 ‘ 0.295 
oe Wa 20.34 
S. E. (ce. v.) 2.28 


35.92 . 15.26 
3.36 25 1.32 





4,9? 


(treatment “a” versus “b” and “« 
0.91 0.85 
8.12 5.80 


Correlations 
r 
t 
1-percent point 


(for t) 3.01 3.01 


*Treatments (seed planted May 4, 1940): 
a.—Seed planted in field, directly. 
b.—Seed planted in 3-inch flower pots in greenhouse; seedlings transplanted 
in field 4 weeks later. 
c.—Seed planted in 1 x 8-inch paper tubes in greenhouse; seedlings trans- 
planted in field 4 weeks later. 
tThinned to known F: plants, by means of red-hypocotyl color factor. 
§Caleculated from individual-root data. 
tCaleulated from plot means shown above. 
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Summary and Conclusions 


Under the conditions of this experiment, relative root size and 
sucrose percentage of transplanted beets closely paralleled root size 
and sucrose percentage of beets grown directly from field seeding. 
Root. shape of plants started in 1 x 8-inch paper tubes was more nearly 
normal than that of plants started in 3-inch flower pots, but in weight 
of root the latter class of plants more nearly approached the per- 
formance of field-seeded beets. 


The data presented suggest that satisfactory preliminary evalua- 
tion of the root-yielding ability and sucrose percentage of new strains 
of sugar beets can be made, under suitable conditions, and in the rela- 
tive absence of competition, by means of transplanted seedlings. 


The occurrence of root diseases was negligible in this experiment, 
but the greater possibility of root infection afforded by rootlets 
broken during the transplanting process should not be overlooked. 
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Mosaic and Seed Production 


H. E. BrReEwsaker! 


When Gaskill reviewed previous literature and presented ex- 
perimental data obtained in 1938 and 1939 bearing on the effect of 
mosaic upon seed production in the sugar beet, he found from 23 to 39 
percent loss in seed production for mosaic-affected plants as compared 
with those not affected, the infection having occurred during the 
vegetative year.” In one test, apparently healthy plants were inoculated 
with mosaic 1 month after planting out for seed production with a 
measured loss of 26 percent in seed production. There was no signifi- 
eant effect on germination in any of his tests. 


tAgronomist, The Great Western Suger Company. 
*Gaskill, John O. Effect of Mosaic Upon Yield of Seed by Sugar-beet Roots. 
Proc. of A. 8. & B. T. 2:199-207. 1940. 
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In the sugar-beet improvement and seed-production program of 
The Great Western Sugar Company the possible seriousness of losses 
in seed production due to mosaic was first recognized in 1937 when 
roots grown and stored under quite widely different conditions 
showed striking differences in seed production, the one lot being ap- 
parently heavily affected with mosaic while the other lot appeared 
quite healthy. In this case, the healthy beets grew more vigorously, 
were much earlier and more uniform in seedstalk production, and 
produced more seed than did the diseased beets. 


Comparative observations were possible in various breeding 
groups during 1938, 1940, and 1941 where obvious variations were ap- 
parent in mosaic infection. The individuals were rated categorically 
on the following basis: O—no mosaic, L—light mosaic, M—medium 
mosaic, H—heavy mosaic. 

The plants were harvested individually, the seed processed uni- 
formly and the results later classified for this particular study. 


It should be specifically recorded that the breeding groups on 
which these studies were made were a part of the regular breeding 
work, the mosaic observations being only incidental. The roots were 
planted in these groups from 3 to 4 feet apart in each direction, and 
were uniformly spaced within each group. 


Table 1.—Average weight of seed in ounces per individual plant for mosaic classes. 





oO mosaic L mosaic M mosaic H mosaic 








No.of Average No.of Average No.of Average No.of Average 


Group Year plants weight plants weight plants weight plants weight 





11.00 € 
7.66 22 
6.59 8 
8.44 

11.13 


9.04 
5.79 
3.28 
5.09 
8.07 


10.92 24 9.54 24 
7.36 68 2 12 
8.06 52 . 9 
7.55 23 . 28 
9.06 19 . 7 
4.25 18 x 18 


381 1938 15 
383 1938 
384 1938 
3810 1938 
3811 1938 
rf 1938 


403 
+04 
405 
4011 
4085 
4120 
4139 


1940 3.55 
1940 3.2 
1940 

1940 

1940 

1941 

1941 


3.54 
2.67 
3.50 
2.38 
1.78 
3.17 
2.48 


66 
48 


62 
36 
33 
83 


34 

9 
31 
13 
12 

9 
20 





Total number of 
plants and aver- 
age weight of 
seed* 





Total number of 

plants and aver- 

age weight of 

seed? _ 291 





tAll groups. 
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The breeding groups were located usually in garden patches and 
were isolated by space from each other. Originally they were grown, 
so far as possible, on the Experiment Station where also was located 
the progeny tests and lots planted for selection or steckling produc- 
tion. Since the importance of mosaic has been recognized, however, 
all seed production during the summer has been isolated by at least 
1 mile from the vegetative generation. While this distance is not suf- 
ficient to prevent completely all re-inoculation spread by plant lice 
it appears probably sufficient to hold the disease down to where its 
effect is of no great consequence. 


Experimental Results 


The average weight of seed in ounces per plant, percentage germ- 
ination and number of seedballs per ounce for all plants classified 
into several groups for 3 years are summarized in tables 1, 2, and 3, 
respectively. Again in table 4 these data are expressed in percentage 
of the O mosaic class, and in table 5 the loss or gain in percentage 
of O mosaic between each class is given. 





Table 2.—Average percentage germination for mosaic classes.* 


O mosaic L mosaic M mosaic H mosaic 





Per- Per- Per- Per- 
No.of centage No.of centage No. of centage No.of centage 
plants germ. plants germ. plants germ. plants germ. 





15 64.5 6 70.2 57.8 21 57.0 
64 61.7 19 63.3 0.0 58.3 

61 56.7 65.6 59.4 54.8 

10 81.9 10 71.2 72.0 68.7 

12 70.7 75.4 63.2 71.4 

ute 73.5 74.6 78.4 

4037 38 93.0 90.1 90.4 88.0 
94.7 95.7 94.4 74.0 

405 p 92.0 90.5 91.0 89.3 
4011 ‘ 99.0 97.8 97.4 96.8 
40857 1940 esis 97.1 96.1 94.7 
4120 1941 2 89.5 89.0 89.8 92.8 


i e 
ahe one 


— 





Total number 
plants and average 
percentage 
germ.** 





Total number 

plants and average 

percentage 

germ.t wie al 177 81.6 368 78.8 144 770 





*In most cases germinations were not run on individuals which produced less 
than 3 ounces of seed. 


+All individuals germinated. 
**Not including groups 738 and 4035. 
TAll groups. 
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Table 3.—Average number of seedballs per ounce for mosaic classes.* 





O mosaic L mosaic M mosaic H mosaic 





No.of Seedballs No.of Seedballs No.of Seedballs No.of Seedballs 
Group Year plants per oz. plants per oz. plants per oz. plants per oz. 





381 1988 15 1877 6 1913 24 1909 21 1988 
383 1938 4 2077 19 2214 65 2184 11 2220 
3S4 1938 61 2034 Ss 1925 t 2197 2341 
3810 1938 10 17% 10 1797 2 1896 2 1812 
1938 12 1717 8 1781 1929 1880 

1938 0 8 2111 5 2009 2 2104 

1940 3g 1683 35 1600 1675 5 1682 

1940 1494 18 1530 8 1531 1 170 

405 1940 2 1651 16 1623 p 1614 1558 
4011 1940 ¢ 1388 y 1515 1552 1453 
4035 1940 : 1663 1617 p 1438 
4120 1941 2 1807 1851 1759 1678 





Total number 
plants and aver- 
age number 
seedballs** 





Total number 

plants and aver- 

age number 

seed ballst 170 174 338 1823 134 1825 








*In most cases counts were not made for individuals which produced less than 
3 ounces of seed. 


TAll individuals counted. 
**Not including groups 738 and 4035. 


tAll groups. 


Table 4.—Means for weight, percentage of germination, and number of seedballs per 
ounce in percentage of O mosaic. 





Percentage of O mosaic 





Mosaic Percentage No. seed- 
classes Yield* germ.t balls per oz.t 





oO 100.0 100.0 100.0 
L 96.0 100.6 101.6 
M 82.6 96.4 104.5 
H 68.7 93.4 105.1 





*Eleven groups. 
*Ten groups. 
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Table 5.—Variation between mosaic classes. 





Loss or gain in percentage of O mosaic between 
classes 





Mosaic 
class Percentage No. seed- 
Compariscns Yield* germ.f balls per 0z.f 





O—L ’ a +0.6 +1.6 
L—M 3. —3.6 +45 
M—H 3.4 —6.6 +5.1 





*Eleven groups. 
*Ten groups. 


There is a definite and consistent decrease in ounces of seed per 
beet, this loss averaging 4.0, 17.4, and 31.3 percent, respectively, for 
L, M, and H elasses of infection (table 4). 

In germination, the L class showed no loss, the M class a 3.6 per- 
cent loss, and the H class a 6.6 percent loss as compared with the O 
class. 

The number of seedballs per ounce increased almost in direct pro- 
portion to the decrease in germination. 

The loss in weight of seed due to mosaic, particularly for the 
heavy class of infection, is similar to losses reported by Gaskill. In 
germination, however, it appears probable that the data reported 
herein indicate a real, although comparatively small, loss due to 
medium or heavy infection with mosaic. Gaskill did not find any 
significant loss in germination. 


Summary 


A 3-year study of the effect of mosaic on seed production was 
made incidental to the sugar-beet improvement program of The Great 
Western Sugar Company. A total of 1,461 plants were classified for 
mosaic on the basis of none, light, medium, and heavy, and for weight 
of seed per plant, germination, and number of seedballs per ounce of 
seed. 

In weight of seed per plant there was an average loss of 4.0, 17.4, 
and 31.3 percent, respectively, for light, medium, and heavy mosaic. 

There was a loss of 3.6 percent in average germination for medi- 
um and a corresponding loss of 6.6 percent for heavy mosaic. 

The seedball count per ounce of seed increased in almost direct 
proportion to the decrease in germination. 

These possible losses due to infection with mosaic, particularly in 
yield, are of sufficient importance to necessitate segregating the seed- 
production work of any sugar-beet improvement program some dis- 
tance from the testing and selection plots in those areas where mosaic 
is present. 








Vernalization of Sugar-Beet Seed’ 


Myron Stout ann F. V. OWEN? 


Recent work (4)* concerning plant development has indicated that 
some of the stages through which plants must pass before reaching 
sexual maturity may be induced while the embryo is still within the 
seed. This work has shown that reproductive development can be 
hastened by a process known as vernalization which consists of stor- 
ing seed at cool temperatures while it is held in a partially sprouted 
condition. The present report is the result of a study to determine 
some of the factors in sugar-beet seed vernalization. Applications are 
considered in connection with hastening the reproduction of breeding 
stocks grown under greenhouse conditions and of increasing the repro- 
ductivity of certain varieties of beets when planted for commercial 
seed production. 


Definition of Terms 
The economic varieties of sugar beets are biennials. Dur- 
ing the first season they normally produce a non-reproductive type of 
growth and large quantities of stored food. For induction of repro- 
duetive development, sugar beets require a period of cool temperature 
(thermal induction) with, or followed by, long daily exposures to 
light (photoperiodic induction). Since the effects of thermal and 


photoperiodic induction overlap, their combined effect on the repro- 
ductive development of beets has been referred to as photothermal 
induction (7). The production of a seedstalk, which is taken as the 
first outward indication of reproductive growth, is termed ‘‘bolting.’’ 

Varieties of sugar beets vary widely in bolting tendency. Beets 
which require prolonged periods of photothermal induction before 
they form a seedstalk are termed non-bolting types. Those which re- 
quire only short periods of photothermal induction before bolting 
are called fast-bolting or easy-bolting types. 

Materials and Methods 

Seed of several varieties of beets, varying widely in bolting tend- 
ency, were used. Non-bolting varieties, however, were used for the 
more extensive tests. The uniform, non-bolting variety, R. and G. 
Old Type (S8.L.C. 5638), was used extensively in greenhouse studies, 
but its use in field plantings was limited because of its susceptibility 
to curly top. Other seedlots used were from the curly-top resistant 
varieties developed in the breeding program of the Division of Sugar 
Plant Investigations, Bureau of Plant Industry, U. S. D. A. 


1Contribution from Salt Lake City Field Laboratory, Division of Sugar Plant In- 
vestigations, Bureau of Plant Industry, U. S. Department of Agriculture. Received 
for publication. 

*Assistant Physiologist and Geneticist, respectively, U. S. Department of Agricul- 
ture. 

*Figures in parentheses refer to Literature Cited. 
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All lots of seed were first disinfected by soaking in 10-percent 
commercial formalin solution for 10 to 15 minutes, then washed for 
at least 15. hours and air-dried. Washing of seedlots prior to cold 
storage was thought necessary since previously reported studies (12) 
had shown that water-soluble substances are present in sugar-beet 
seedballs, which produce a toxie effect during the germination pro- 
cess. This toxic effect results chiefly from ammonia which is hydro- 
lyzed from nitrogenous substances by enzymatic action associated with 
germination (9). 


After the preliminary washing treatment, separate seedlots were 
weighed and soaked over night in water or in certain chemical solu- 
tions. They were then placed on weighed metal screens and slowly 
and uniformly dried to the moisture percentage noted. Moisture was 
ealeulated on the basis of air-dried seed rather than total moisture 
content. The screens were then placed in galvanized cans where the 
humidity was maintained at a high level. 


After germination had progressed to the desired stage—usually 
5 to 10 percent of the seedballs having radicles barely visible—the 
seed was placed in cold storage. Temperatures were maintained at 
33° to 36° F. unless otherwise noted. The seed was stirred occasion- 
ally during storage to aerate it and to maintain uniformity of mois- 


ture content. 


All greenhouse plantings and most of the field plantings were 
made using moist seed which was kept cold until planted. Green- 
house plantings were made in rows 7 to 8 inches apart, and the beets 
were thinned to about 20 plants to 214 feet of row. Most of the field 
plantings were in rows 22 inches apart and the beets were left un- 
thinned. 


Greenhouse temperatures were so maintained as to induce some 
bolting in plants from untreated seed. Daily maximum temperatures 
were frequently reached as peaks caused by brief periods of sunshine 
before ventilators were opened. Minimum temperatures were reached 
much more gradually. For this reason the mean temperature was 
generally within 5 degrees of the minimum. Average monthly mini- 
mum greenhouse temperatures during the tests are presented in table 
) 


Table 1—Monthly average of daily minimum greenhouse temperatures during tests 
with vernalized sugar-beet seeds. 





October November December January February March 





cr oF oF oF oF or 
1937-1938 (table 2) 41.5* 40.8 - 43.6 42.1 43.3 44.3 
1938-1939 (tables 3 and 4) 42.3 42.4 514 46.0 45.0 47.1 





*First readings recorded October 11, 1937. 
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Since effects of thermal induction are dependent upon associated 
or subsequent photoperiodic induction, plants grown in the green- 
house were grown under long photoperiods. Photoperiods were con- 
trolled by using artificial light to supplement the natural day length. 
Tungsten filament Mazda lamps equipped with reflectors were placed 
over the plants at distances to give light intensities of at least 25 foot 
candles. Bolting plants in the greenhouse were pulled and counted 
at frequent intervals to make room for the remaining plants. 

Significant differences between treatments were determined by 
analysis of variance (3). 


Experimental Results 

Greenhouse Experiments.—The first series of vernalization treat- 
ments included variations in moisture content of the seed, differ- 
ent periods of storage, and the use of two chemical solutions in which 
the seeds were soaked before cold treatment. Most lots of vernalized 
seed produced more bolting plants than the corresponding lots of 
untreated seed. The moisture content of the seed, the length of the 
storage period, and the temperature of the storage were interdepend- 
ent factors and all positively correlated with the extent of sprouting. 
Diffieulty was experienced with excess sprouting and growth of fungi 
in prolonged storage, especially at high-moisture content and at the 
higher temperatures. It appeared that about 35 to 40 percent added 
moisture was optimum. With only 25 percent added moisture, sprout- 
ing was not initiated and there was no increase in subsequent bolting. 
Storage at 40° F. increased bolting more than at 36° F. or 32° F. 
At 40° F. there was no increase in bolting from storage longer than 60 
days. The seed that was soaked in a 0.02-percent solution of potas- 
sium permanganate produced a greater percentage of bolting plants 
than those soaked in water alone or in a 0.1-percent solution of man- 
ganese sulfate. 

The benefit derived from the use of potassium permanganate sug- 
gested trials with further chemicals and hormone preparations listed 
in table 2, and also suggested increasing the oxygen content of the 
storage atmosphere. While data in table 2 show that nearly all of 
the vernalization treatments increased bolting, further benefit was 
derived from soaking the seed in thiourea, hydrogen peroxide or taka 
diastase. 

Results of further tests with some of the more promising soaking 
solutions are presented in table 3. Thiourea again increased bolting 
of plants from vernalized seed more than any of the other solutions 
used. More uniform and complete sprouting, as well as a healthier 
appearance of the sprouts, was evident in the lot treated with thiourea. 

Previously reported results (7) have shown that the extent of 
sprouting is highly important in connection with results obtained 
from vernalized sugar-beet seed. More critical data on this factor are 
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ated Table 2.—Greenhouse planting of vernalized sugar-beet seed (S. L. C. 5638). The 
een- effect of different chemicals and hormone preparations on the subsequent 
con- bolting of plants. All lots stored 86 days at 35 to 40 percent moisture.* 
oth Planted September 24, 1937, under 17 to 18-hour photoperiods. 
oad 7. Percentage bolters at respective 
days after planting 
foot 
ted 
Soaking solution plants 52 o4 122 150 
by 
. Untreated 251 0.0 0.4 0.4 14.3 
Water 128 0.8 3.9 4.7 21.1 
0.01 percent potassium permanganate 120 0.8 1.7 4.2 24.1 
1.0 percent potassium phosphate (primary) 127 0.0 3.9 6.3 20.5 
1.0 percent manganese sulfate 126 0.8 1.6 4.8 33.3 
at- 1.0 percent phosphoric acid 129 0.8 3.1 7s 26.3 
ay. 0.5 percent taka diastase 117 4.3 7.7 11.3 45.3 
0.1 percent thiourea 125 5.6 8.0 12.8 49.6 
ch 0.5 percent potassium dichromate 128 2.3 3.9 10.2 27.3 
ed 0.1 percent potassium thiocyanate 126 0.8 3.2 4 33.3 
of 1,000 I. units theelol® 129 2.3 5.4 6.2 26.3 
5,000 I. units theeloF 126 1.6 5.6 7.1 27.8 
ne 2,500 I. units progynon? 124 1.6 3.2 8.1 33.9 
1- 0.5 percent hydroger peroxide 129 2.3 10.1 15.5 38.8 
- 1.0 percent hydrochloric acid 125 0.0 0.0 0.8 8.8 
5° 1.0 percent ammonium nitrate 120 0.8 4.2 5.0 30.0 
ri 1.0 percent urea 117 0.0 3.4 5.1 25.6 
; Difference for significance Odds 19:1 13.46 
at 150 days after planting Odds 99:1 17.50 
, 1All seedlots in this test were vernalized in an oxygen-enriched atmosphere, but 
4 similar lots vernalized in air responded as well. 
2International units hormone per 100 ml. water. 






presented in table 4. The data in table 4 were obtained from the same 
vernalization treatments reported in table 3. Each of the five lots 
of vernalized seed were separated into two classes. One class was 
made up of only those seedballs showing no visible radicles at the time 
of planting. The other consisted of seedballs in which every individ- 
ual seed within the seedball had sprouted before planting. This seg- 
regation was made by removing all sprouted seeds from the seedballs 
in the first classification and all unsprouted seeds from the seedballs 
in the second classification. 













The data in table 4 show that the extent of sprouting of the seed 
during the vernalization treatment may be the most important factor 
considered. The bolting in plants grown from sprouted seed was 
25.4 percent as compared with 4.7 percent bolting in plants grown 
from unsprouted seed at the first date of count (table 4). This highly 
significant difference continued throughout the experiment. Since 
the improvement in bolting resulting from all treatments was corre- 
lated with the degree of sprouting and the healthy appearance of the 
sprouts, it appears that any vernalization treatment that will improve 
sprouting may be expected to affect subsequent bolting. 
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Table 3.—Greenhouse planting of vernalized sugar-beet seed (S. L. C. 5688). The 
effect of different chemical treatments of seed on subsequent bolting of 
plants. All lots stored 40 days at approximately 40° F. with 40 percent 
added moisture. Planted October 12, 1938, under continuous illumination. 





Bolters at respective days after planting 





Number 
of 
Soaking solution plants 59 73 97 118 134 





Per- Per- Per- Per- Per- 
centage centage centage centage centage 





Untreated 68 1.5 8.8 25.0 35.3 38.2 
Water 104 17.1 25.4 37.8 49.2 50.0 
0.15 percent thiourea 131 22.9 54.0 62.0 70.8 79.9 
0.5 percent hydrogen peroxide 75 11.7 35.0 42.5 48.3 66.7 
0.5 percent taka diastase SS 16.0 23.9 35.0 46.4 54.4 
0.02 percent potassium permanganate 8&9 78 26.1 34.2 46.4 58.1 





Table 4.—Effect of sprouting before or during cold treatment on bolting. All lots 
stored 40 @ays at approximately 40° F. with 40 percent added moisture. 
Planted October 12, 1935, under continuous illumination. 





Conditionof Number Bolters at respective days after planting 
seed when of a sha 
planted plants 59 73 97 118 134 146 








Per- Per- Per- Per- Per- Per- 
centage centage centage centage centage centage 





Untreated* 68 1.5 8.8 25.0 35.3 38.2 57.4 
Not sprouted 318 4.7 17.3 26.2 38.7 55.0 68.6 
Sprouted 166 25.4 48.4 58.3 65.7 72.2 4.9 





Difference Odds 19:1 10.28 14.42 14.40 15.87 13.11 11.73 


for - 
significance Odds 99:1 14.97 21.00 20.97 23.11 19.09 17.08 








*Data on plants from untreated seed not statistically analyzed, but included for 
comparison. 


Field Experiments.—Until recent years the commercial repro- 
duction of sugar beets was induced by storing the roots grown in one 
season over winter, until time for replanting the following spring. 
Thus seed was produced during the second summer. Following the 
diseovery of the method of seed growing by overwintering plants in 
the field (5), this method has been used almost exclusively in the 
commercial production of American-grown sugar-beet seed. 


Tests have shown (8) that the short, mild winters in the areas 
where the sugar-beet seed industry was first established tended to 
reproduce predominantly the easy-bolting types and failed to repro- 
duce non-bolting types satisfactorily. It was evident that supplemen- 
tary thermal induction would be desirable in these areas and vernal- 
ization of seed was suggested as having helpful possibilities. 
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Field plantings of vernalized and untreated sugar-beet seed were 
made over a period of 2 years in 3 western states. A summary of 
some of the data are presented in table 5. In tests at St. George, Utah, 
and Logandale, Nevada, vernalized seed produced a small increase in 
the percentage of plants classified as seed producers. 


Winter and early spring plantings at Davis, California, and Salt 
Lake City, Utah, respectively, resulted in increased bolting of plants 
grown from vernalized seed. However, the total percentages of bolt- 
ing in these plantings were lower than were obtained in the same 
areas from untreated seed planted earlier in the season. 


Table 5.—Field plantings of vernalized and untreated sugar-beet seed. The influ- 
ence of date of planting and climate on subsequent bolting and maturity of 
plants.* 





Variety and Plants Bolters Seed 
Planting date Location of test treatment counted producers 


Num- Per- Per- 
ber centage centage 





August 26, 1936 St. George, Utah 550 untreated 100 97.0 
550 vernalized 400 96.5 


Sept. 15, 1936 St. George, Utah 5638 untreated 100 88.0 
5638 vernalized 300 89.7 
550 untreated 600 97.0 
550 vernalized 400 99.5 


Logandale, Nev. 5638 untreated 100 86.0 
5638 vernalized 500 89.0 
550 untreated 100 97.0 
550 vernalized 200 97.5 


Oct. 24, 1936 Riverside, Calif. 5638 untreated 2550 3.58 
5638 vernalized 6.98 
550 untreated 787 11.20 
550 vernalized 6.90 


Sept. 15, 1937 St. George, Utah 617 untreated 98.5 
617 vernalized 98.7 


Dec. 23, 1937 Davis, Calif. 5638 untreated 18.0 
5688 vernalized 29.3 


March 16, 1937 Salt Lake City, Utah 618 untreated 95 1.0 
618 vernalized 162 12.9 


May 5, 1937 Salt Lake City, Utah 5651 untreated 291 0.0 
5651 vernalized 139 0.0 
Misc. vernalized 1591 0.0 





*Tests at St. George, Utah, and at Logandale, Nevada, were conducted in coopera- 
tion with Bion Tolman, Assistant Agronomist; the test at Riverside, California, by 
Eubanks Carsner, Senior Pathologist; and the test at Davis, California, by F. G. 
Larmer, Assistant Pathologist, Division of Sugar Plant Investigations, Bureau of 
Plant Industry, United States Department of Agriculture. 
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A May 5 planting at Salt Lake City failed to produce any bolt- 
ing in plants grown from either vernalized or untreated seed. 

Tests in commercial seed fields planted during August and Sep- 
tember indicated little or no increased bolting resulting from the use 
of vernalized seed. The warm weather following planting evidently 
caused reversal of the thermal induction effected during vernaliza- 
tion treatment, so that little residual effect was left by the time tem- 
peratures in the field became cool enough for the resumption of ther- 
mal induction. 


Discussion and Conclusions 

That some measure of thermal induction may be accomplished in 
sugar-beet seed during germination was shown by successive tests con- 
ducted over a period of several years. The extent of the induction was 
highly correlated with the extent of sprouting. Without some visible 
sprouting previous to or during the vernalization process, the amount 
or degree of induction was small or insignificant. 

Although greater thermal induction can be accomplished in the 
more advanced stages of germination, it is not practical to handle ver- 
nalized seedlings with long sprouts which become detached from the 
seedball. If the seed is to be hand-planted while moist, sprouts up to 
4 inch in length are not objectionable, and for specialized green- 
house work this extent of sprouting is probably optimum. For field 
plantings, however, sprouting of seed should not be allowed to advance 
to the point where radicles are injured during planting. 

The extent of sprouting during vernalization is dependent upon 
the moisture content of the seed, the temperature, and length of the 
cold-storage period. Most of the experimental vernalization treat- 
ments were conducted at 33° to 36° F., and some of the periods of 
storage were as long as 175 days, but there was no apparent advantage 
in extending the period longer than 60 days. To limit the extent of 
sprouting, the moisture content of the seed was found to be highly im- 
portant. Good results were obtained by drying the previously soaked 
seed to 135 percent to 140 percent of the original weight of the air- 
dried seed. 

The increased bolting of plants from seed previously soaked in 
dilute solutions of thiourea was probably due to more uniform and 
complete sprouting of the seed during storage and a healthier condi- 
tion of the sprouts rather than any specific influence on thermal 
induction. The action of thiourea is not known, but it may have 
helped to reduce injury from ammonia. This improvement in germ- 
ination resulting from the use of thiourea is in agreement with the 
improved germination of lettuce seed as observed by Thompson and 
Kosar (11). 

Plants from vernalized seed are usually from 2 to 4 days earlier 
in emerging from the soil than plants from untreated seed. It has 





PROcEEDINGS—THIRD GENERAL MEETING 393 


been suggested that this factor may be of sufficient importance under 
some conditions to warrant vernalization of seed for field planting. 
Earlier emergence of plants has also been observed (10) when the 
seed was washed, slightly pregerminated, and dried before planting. 
This simpler method of hastening seedling emergence is preferable, 
because the vernalization treatment is more complicated and more 
difficult to control. 


The practical application of vernalization to sugar-beet seed pro- 
duction is dependent upon two principal factors. The first of these 
factors is the extent to which the thermal induction process can be 
completed. The second and probably more important factor is the 
question of the reversibility of the process. The tests conducted by 
the writers showed thaf the extent of thermal induction by vernaliza- 
tion was limited and bolting was always dependent upon further pho- 
tothermal induction after planting. The question of the reversibility 
of developmental processes in plants has been considered by several 
writers. The theory of phasic development in plants as formulated 
by Lysenko (4) considered that the steps or stages through which 
plants must pass before reaching sexual maturity were irreversible, 
but his opinion does not agree with the results of other workers. 
Ljubimenko and other Russian workers (4) cite instances of the evi- 
dent reversibility of phasic development. Efeikin (2) demonstrated 
that vernalized winter wheat was rapidly devernalized at a tempera- 
ture of 34° to 35° C. Chroboezek (1), Voss (13), and Owen (6) 
pointed out several examples of reversal in the developmental pro- 
cesses in sugar beets. The results obtained with plants grown from 
vernalized sugar-beet seed indicate that thermal induction acquired 
during vernalization was not expressed unless the seed was planted 
in an environment favorable to the continuation of the thermal in- 
duction process. 


Vernalization of sugar-beet seed is useful to breeders because it 
affords a method of hastening reproductive development under con- 
trolled greenhouse conditions. Beets grown from vernalized seed have 
frequently flowered 1 month earlier than beets grown from untreated 
seed. By the use of vernalized seed the reproduction of lines of spe- 
cial interest has been hastened sufficiently to save the time of an en- 
tire season. 


Field plantings for sugar-beet seed production in mild climates 
such as southern Utah are made during late August or early Septem- 
ber when maximum temperatures above 90° F. are prevalent. It is 
probable that at these temperatures the induction process is reversed. 
This would account for the fact that little or no increase in repro- 
ductive development was obtained by using vernalized seed in this 
environment. 
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Summary 


Vernalization or exposure of slightly germinating sugar-beet seed 
to temperatures between 33° and 40° F. hastened the reproductive 
development of plants when the seed was planted in an environment 
favorable for the continuation of photothermal induction with cool 
temperatures and long photoperiods. The success of vernalization 
treatments was found to depend upon securing a visible amount of 
sprouting before or during cold storage and upon a healthy condition 
of the sprouts at the time of planting. Thorough washing of the seed 
and air drying, followed by soaking in 0.15 to 0.2-percent solution of 
thiourea appeared to aid uniform germination and reduce injury to 
seed during storage. Frequent stirring or aeration further reduced 
storage injury. As the seed was placed in cold storage the addition 
of 35 percent to 40 percent of moisture to the original weight of air- 
dried seed appeared to be optimum. 


Vernalization is a practical means of hastening reproduction un- 
der controlled greenhouse conditions. It is probably impractical as a 
means of increasing bolting in seed fields because, under the warm 
temperatures usually prevailing for some weeks after planting time, 
the thermal induction acquired by seed vernalization appears to be 
lost because of the reversible nature of the process. 
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Winter Stecklings’ 


C. E. ConmMANy? 


In a sugar-beet breeding program such as ours it is highly desir- 
able to go ahead rapidly with the current year’s seed increase of many 
promising lines. Under our conditions this year’s seed would nor- 
mally be planted next spring or summer for the production of roots or 
stecklings which in turn would be stored during the following winter 
and then used for seed production in isolations the spring of the sec- 
ond year. Obviously, by producing stecklings during the winter im- 
mediately following the harvest of the new seed, a full year in this 
eycle can be saved. 


The growing season in northern Wyoming, where the major por- 
tion of our breeding work is being done, is very short and sugar-beet 
seed does not mature until after the first of August and at times ma- 
turity extends well into September, depending upon varietal differ- 
ences and other conditions. The period between harvest of the seed 
and killing frosts is too short for field production of stecklings of a 
usable size as is possible in southern Colorado where the total frost- 


1Contribution from the Beet Seed Breeding Department, Holly Sugar Corpora- 
tion, Sheridan, Wyoming. 
*Chief Agronomist. 





396 American Society Sucar-Beet TecHNOLOGISTS 


free season is nearly 2 months longer (5)*. In order to have steck- 
lings by the following spring it therefore remains for us to produce 
them in one of the following ways: (a) In the greenhouse by plant- 
ing in the fall and early winter, harvesting in mid-winter and early 
spring and storing at suitable low temperature (36° to 40° F.) (1) 
(3) for at least 6 weeks before planting in the field; or (b) By pro- 
ducing the stecklings in field plantings (4) under climatie conditions 
which allow for rapid fall growth of the seedling to suitable size be- 
fore growth is arrested in mid-winter by cool temperatures, harvest- 
ing before active growth resumes in the early spring, and storing at 
the proper temperature until transplanting time. 


This paper deals only with the observations and findings to date 
. . . : . 
involved in the second method, or the production of winter stecklings 
under Phoenix, Arizona, conditions. 


Discussion of Experiments 


It was observed late in the winter of 1936-37 and again the fol- 
lowing year, that stecklings taken from the commercial seed fields 
in the Phoenix, Arizona, area in late January and February produced 
seedstalks when planted the next spring. The possibilities for steck- 
ling production by this means to supplement the greenhouse steckling 
crop was indicated. 

Accordingly, near Phoenix, on October 21, 1938, seed of 42 select- 
ed strains of sugar beets was planted by hand on lettuce ridges at 
3-inch intervals in rows averaging 20 inches apart. Very few curly- 
top resistant varieties, usually heavy seed producers, were included. 
Excellent fall growth ensued. The 4,130 stecklings, ranging in size 
from approximately %@ to % inch in diameter, were harvested Feb- 
ruary 28, 1939, and placed in storage at Sheridan, Wyoming. These 
stecklings were transplanted in May in isolation plots over a wide 
area in northern Wyoming under varying conditions of soil and care. 
Early losses, chiefly on areas where moisture conditions had not been 
kept favorable for starting early growth, amounted to about 70 per- 
cent of the transplanted roots. Seed yields under these varied condi- 
tions averaged 0.96 ounce per plant and ranged from .1 ounce to 2.4 
ounces, depending largely on the care given and the variety used. 
The large stecklings produced more seed per plant than the small 
ones (4). 

Encouraged by the favorable results of the first trial, seed of 55 
selected strains was planted in two locations in October 1939 at Phoe- 
nix in 20-inch rows at the rate of 4 pounds per acre. No thinning was 
done. Unfortunately the plants at one of these locations were severely 
damaged by the curly-top disease carried to the field by the beet leaf- 


*Figures in parentheses refer to Literature Cited. 
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hopper (Hutettir tenellus, Baker). At harvest, March 4, 1940, all 
plants showing obvious symptoms of the disease were discarded and 
34,354 stecklings were placed in storage at Sheridan, Wyoming, and 
Delta and Swink, Colorado. Transplantings from these stecklings the 
following summer at Delta, Colorado, showed in one case as much as 
96 percent loss of plants for seed production due to curly top alone. 
An average of only 18 percent of the stecklings from the diseased 
field grew beyond merely starting and only 45 percent of those grow- 
ing formed seedstalks, with an average production of 0.24 ounce of 
seed per plant. 


Stecklings from the location not injured by curly top performed 
much better: 63 percent of the transplanted stecklings grew, 44 per- 
cent of the transplanted stecklings set seed producing from 0.09 
ounce to 4.85 ounces per plant, with an average of 1.2 ounces. 


Only 4 percent of the winter stecklings in 1939-40 were of ecurly- 
top-resistant stocks, usually heavy seed producers, and 96 percent 
were of non-curly-top-resistant stocks, ranging from extremely poor 
to fair seed producers. 


At least one other commercial beet-sugar company’s research de- 
partment produced winter stecklings in this manner for 1940 use and 
reported favorable results. 


Seed for the 1940-41 winter steckling crop was planted October 
20, 1940, near Mesa, Arizona, in an area more removed from curly 
top occurrence. Only 8 percent of the 132 strains grown were curly- 
top-resistant stocks classified as heavy seed producers. The same 
method of planting the seed was used as the year before but stands 
were thicker and plants smaller at harvest. A total of 13,062 steck- 
lings was harvested February 15 and stored at Sheridan, Wyoming. 
The average size of the stecklings was smaller than in previous years 
and early field losses greater (2). Thirty-eight percent of the trans- 
planted stecklings produced seed at the average rate of 1.16 ounces 
per plant harvested. 


While losses of plants after transplanting appear great, it should 
be remembered that these stecklings were placed in garden isolations 
under wide and varying conditions of culture and soil productivity 
and large losses should be expected. Under the best cultural and soil 
conditions, the early mortality losses were frequently less than 5 per- 
cent. 


Seed production from all harvested stecklings during 3 years 
has averaged 1.10 ounces per plant, while full-grown roots stored in 
the root cellar have averaged well over 2 ounces per plant. 
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Conclusions 


Observations and study indicate that better seed production from 
stecklings may result from planting the seed earlier in the fall and 
harvesting the stecklings during January, as there is danger of new 
growth actively starting in the plants in the field in the Phoenix area 
after the first of February, especially in the warmer winters. Steck- 
lings harvested after new growth has started tend to produce vegeta- 
tive plants rather than desirable seedstalks. This nullifies their value 
for seed production. 


Based on the above exper‘ences, seed for the 1941-42 crop of 
winter stecklings consisting of 196 selected strains, mostly non-resist- 
ant to the curly-top disease, was planted September 27, 1941, in hills 
3 inches apart in 20-inch rows and the stecklings are to be harvested 
in mid-January 1942. A larger steckling should result, from which 
more seed can be expected and the January harvest should make it 
possible to place the beets in storage before any normal spring growth 
has started. 


The production of winter stecklings from the current year’s seed 
crop makes it possible to save a full year’s time with such breeding 
stocks in the northern latitudes of the United States. The process is 
comparatively simple and inexpensive as compared to greenhouse 
production of the same number of roots. A production of 1 ounce 
or more seed per plant harvested can be expected on the average. All 
winter stecklings should be grown in an area free from curly-top 
disease as this disease increases materially the losses of stecklings 
after transplanting and reduces seed production of bolting plants. 
Present observations indicate that September planting of the seed 
with January harvesting of the stecklings is the best practice. Im- 
proved techniques should result in the further use of this method 
since it is very desirable for our breeding program. 
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Refinements in the Technique of Isolating 
By Bags and Cages’ 


FRANK F. LyNes AND C. BE. CoRMANY2 










The use of paper bags and cages has generally been adopted by 
most organizations conducting breeding work on sugar beets. This 
paper is designed to add to our available knowledge on the use of 
these isolators. The paper deals with the presence of foreign pollen 
in bagging work and its control; the use of paper bags for hybridiza- 
tion work ; the use of large paper bags as individual and group isola- 
tors, and the use of cloth as individual and group isolators. The re- 
sults are presented in this order. 


Controlling Foreign Pollen in Bag Isolators 


















The use of small paper bags as isolators for breeding work with 
sugar beets is in general use. It has been reported that where paper 
bags are utilized for inbreeding occasional hybrids are observed. 
Seitz (9) reports that about one-third of the plants in his test were 
hybrids.* In our own inbred strains formed by this method, hybrids 
have appeared. This raised a question as to the purity of such 
strains. 











An experiment was conducted to determine the amount of cross- 
ing taking place under our conditions by utilizing a strain of sugar 
beets pure for green hypocotyl color and a strain of red beets pure 
for red root color, and spacing these plants alternately. Only the 
green hypocotyl mothers were bagged. As much as 17 percent red 
hypocotyl hybrids (Keller (7) ) was obtained from the use of No. 6 
brown kraft-paper bags in the progenies from the green hypocotyl 
mothers. 














Suspecting the presence of foreign pollen on the plant at the 
time of bagging, a number of trials were made of collecting fresh 
pollen and placing it on the leaves and seedstalks of non-flowering 
plants in the greenhouse and confining these parts with No. 6 brown 
kraft-paper bags. Viability of the pollen was determined by its 
ability to germinate on 40-percent sucrose agar media as reported by 
Artschwager (3). It was found that the pollen remained viable un- 
der our conditions for an average of 7 days. 











A series of individuals were bagged at the normal bagging time 
when the buds were swollen but before open flowers were present. 






1Contribution from the Beet Seed Breeding Department, Holly Sugar Corpora- 
tion, Sheridan, Wyoming. » 

*Associate Agronomist and Chief Agronomist, respectively. 

*Figures in parentheses refer to Literature Cited. 
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Examinations were made daily to determine how long after bagging 
before the flowers opened and shed their pollen. It was found that 
the average plant began shedding pollen on the third day. Art- 
schwager (3) reports that fertilization takes place approximately 1 
day after anthesis. Seitz (9) reports 75 percent fertilization 12 
hours after anthesis. Kharechko-Sawitzkaja (8) reports that the 
embryo sac remains viable for a period of 8 to 9 days after the flowers 
open. 


According to these facts, foreign pollen present on the plant at 
the time of bagging would have a 4-day opportunity to produce un- 
desirable hybrids. As a possible control a series of experiments were 
conducted comparing viability, where fresh pollen was placed on non- 
flowering plants and one set of plants sprayed with water before 
bagging and another set bagged without spraying. No viable pollen 
was found on the sprayed plants when examined at the end of 24 
hours, whereas the pollen remained viable on the dry checks. The 
experiment was repeated 8 times with the same results each time. 


Since aphids are a factor in bagging work the use of 2 commercial 
nicotine-sulfate spray compounds were compared with tap water and 
a dry check. All 3 sprays controlled the foreign pollen and both 
chemical sprays controlled the aphid infestations. Field tests of these 
sprays showed no difference in the final seed obtained. These re- 
sults are in contrast to those of Archimovitch (1) who reports 6.7 
percent crossing when using the water-dip method and 5.4 percent 
crossing when using a tobacco-solution-dip method. 


As a result of our experiments we have adopted the use of a 
spray consisting of 15 ec. of a commercial compound, containing 40 
percent nicotine-sulfate, and 1 ounce granulated soap to 1 gallon of 
water. The spray is applied by an ordinary hand garden sprayer 
immediately preceding bagging of the individual plants. The results 
of adopting this technique have been very gratifying. 


Hybridization by the Pair-Bagging Method 


In sugar-beet breeding work it would be convenient to have a 
simple procedure whereby small quantities of seed could be obtained 
for numerous hybrid combinations. Grinjko (6) has suggested con- 
fining 2 branches in a parchment bag, placing the branches in a hori- 
zontal position with the branch of the father plant above that of the 
mother plant. We have utilized the procedure of confining single 
branches of 2 adjacent seed plants in No. 6 brown kraft-paper bags 
in an upright position. The seed from these bags was harvested sep- 
arately by mother plant so that the parentage of the hybrids in the 
resulting progenies was known. Where the parent material contains 
contrasted characters or marker characters, the hybrids of the pro- 
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genies may be easily recognized and may be evaluated. Table 1 pre- 
sents data comparing the production of seed by the inbreeding and 
pair-bagging methods. 


Table 1—Ccmparison of inbreds and hybrids formed by the bagging method. 





Inbreds Hybrids 

Number of No. 6 kraft bags scalheaepaiiaas 45096 954 
Number of strains i pinatithiiediapindidiiant 1194 1908 
Percentage of strains forming seed ........... : aioe 76 90 
Average weight per strain for the strains forming ‘geod. 0.51 gm. 1.03 gm. 
Percentage of strains forming seed which produce 

progenies sedhecédtipinbalicmateninsitit 65 71 
Percentage of strains producing progenies . Hi tt 





The data show that the production of hybrid seed in the bags is 
better than for inbred seed. The method is simple and its use makes 
it possible to study a large number of hybrid combinations. The pos- 
sible utilization of the pair-bagging method for indexing the combin- 
ing ability of strains has a great deal in its favor. 


Large Paper Bags as Isolators 


Preliminary tests conducted in the greenhouse during the win- 
ter 1939-40 on the use of large-sized brown kraft-paper bags of dif- 
ferent shapes and weights as individual plant isolators indicated that 
size of bag was largely a matter of convenience, but that weight of 
paper in excess of 40-pound substance would not be satisfactory. 
Subsequent field tests utilizing 26 different types of bags verified 
these results inasmuch as no seed was obtained from any paper bags 
regardless of size, which were heavier than 40-pound substance. 

In 1940 a number of 30-pound substance No. 3 brown kraft-paper 
banana bags measuring 14 x 11% x 47 inches were obtained for use 
as small group isolators. During the summer, 143 groups, of from 
2 to 4 mother roots, planted in the same hole, were set out and as 
soon as seedstalks appeared the groups were covered with the large 
paper bags. Seed was obtained from 55 (38 percent of the isolators). 
The average yield of those forming seed was only 2.62 grams. Many 
bags were damaged by wind and had to be replaced during the bag- 
ging period. 

In 1941 an experiment was conducted utilizing the 30-pound 
‘ substance banana bags as individual plant isolators. One hundred 
thirty-three plants were isolated by these bags. Seed was obtained 
from 33 (25 percent) of the bags. The average yield of seed per bag 
was 1.56 grams. 

Another experiment was carried out in 1941 on 324 groups of 
from 2 to 5 mother roots using bags made up with waterproof glue 
of 40-pound substance brown kraft paper, measuring 16 x 18 x 48 
inches. Seed was obtained from only 22 (7 percent) of these iso- 
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lators. The average yield of those forming seed was only 0.925 gram. 
Wind was also a factor in survival of bags in both of the 1941 experi- 
ments. The results of these experiments are compared with No. 6 
brown kraft-paper bags and cloth bags in table 2. 


Table 2.—Comparison of iarge and small paper bags and cloth bags. 





Percentage Average 
isolates weight 
setting seed of seed 








4—No. 6 kraft grocery bags per plant for inbreds 76 0.51 gm. 
1—14 x 11% x 47 inches, 30-pound kraft bag per 
plant for inbreds lai ’ : 25 1.56 gm. 
1—18 x 36, 80 square bleached muslin per plant for inbreds 5 5.80 gm. 
1—14 x 11% x 47 inches, 30-pound kraft bag for 
small groups sasemnseeoun 
1—16 x 18 x 48 inches, 40-pound kraft bag for 
small groups ‘ seinen 0.92 gm. 


2.62 gm. 





More seed was obtained from 1 large 30-pound kraft bag than 
from 4 small ones when used for inbreds, but fewer plants set seed 
under the large bags. A 30-pound kraft was better for small groups 
than the 40-pound kraft, however, the amount of seed obtained was 
very small with either bag. The performance of the cloth bags for 
inbreds in comparison with the paper bags was encouraging. 

Cloth Cages 

Periodically, in the literature on sugar-beet breeding, there have 
appeared references to experiments on the use of cloth cages as iso- 
lators for individual roots and for groups of roots, Archimovitch (2), 
Brewbaker (4), Down and Lavis (5), Kharechko-Sawitzkaja (8), and 
Seitz (9). The results of some of this work have been put into prac- 
tical use in breeding programs. 

The following experiments give additional information on cloth 
eages. In all experiments a strain of beets pure for green hypocotyl 
and several strains of the common garden beet and the german gar- 
den beet, pure for red root color, were used. In the initial experi- 
ment in 1937, roots of the reds and greens were planted in a checker- 
board manner and all plants were covered individually and entirely 
by 100-pound inside white sugar-bag liners before any free pollen was 
present. All of these bags survived a severe hailstorm without dam- 
age. The progenies of the green mothers showed a variation in cross- 
ing of from 0 to 27 percent. The average for all cages was 5.30 per- 
cent red hybrids. 

In 1938 the experiment was expanded to include other types of 
cloth and changed inasmuch as only the greens were covered with the 
cloth cages, leaving the reds in the open. All cages of muslin were 
made up in a size of approximately 18 by 36 inches as single-plant 
isolators and the remainder were bags of the 100-pound size. Table 
3 presents the results of this experiment. 
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Average 
weight 
Average seed per 
Type of cloth Threads percentage cage 
(10 cages each) (inches) of hybrids (in grams) 


Reference 


No. 





1 thickness inside white liner 40x40 23 
2 thicknesses, inside white liner 40x40 18 
Salt bag 44x44 21 
“Missouri” unbleached muslin 48x50 3 
Outside white sugar bag 50x50 4 
“Glenwood” bleached muslin 60x64 27 
“Hope” bleached muslin 72x80 8 
“Nameless” unbleached muslin 80x80 16 
“80 Square” bleached muslin 80x90 6 


ae 





From these results it would appear that cloth numbers 4, 5, 7, 
and 9 gave the best protection against crossing. 


An experiment was arranged in 1939 to obtain additional infor- 
mation, but due to the loss of many plants by rot the data are not 
considered reliable. 


In 1940 a small experiment was successfully carried out inelud- 
ing the 4 most promising cages of the 1938 experiment. Table 4 pre- 
sents the results of this experiment. 


Table 4.—The results of the 1940 cloth-cage experiment. 
Average 
weight 

Average seed per 
Type of cloth Threads percentage cage 
(5 cages) (inches) hybrids (in grams) 


No. 





“Missouri” unbleached muslin 48x50 17 
Outside white sugar bag 50x50) 33 
“Hope” bleached muslin 72x80 14 
“8S square” bleached muslin 80x90 7 


“1 o% | Reference 


— 





From these data it is obvious that these types of cloth cages used 
in this manner do not afford ample protection against foreign pollen. 
However, re-examination of the 1937 and 1938 data shows for the 
rather porous inside white-liner cages that where the red beets re- 
mained in the open, 23 percent crossing was obtained but when all 
plants within the isolation were confined, only 5 percent crossing was 
obtained. This indicates that the 1940 type of cages might have been 


successful if all plants had been enclosed. 


Cloth number 9 was selected on the basis of the 1940 results for 
use in 1941 for an experiment wheré all plants were covered by a new 
type of cage. The cages had a wooden frame 30 inches wide, 12 feet 
long, and 4 feet high with an additional cross-section support in the 
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center. The base was made of 1-inch by 6-inch and the remainder 
l-inch by 2-inch pine material. The ‘‘80 Square’’ bleached muslin 
was sewed together to form a cover for this frame with a stocking-like 
aperture affixed to one end and tied with a string for later visual 
inspections. This size cage accommodated 50 stecklings or 24 mother 
roots in two 20-inch rows. One 20-inch row was left blank between 
the cage rows and 3 feet were left blank between cages within the 
rows. The frames were assembled by screws and staked down. The 
cloth was placed over the frames and nailed in place by lathes around 
the base. Water was applied by subirrigation from furrows adjacent 
to the cages. In 1941, 101 such cages were utilized. One cage was 
devoted to reds and another to greens and located in the path of the 
prevailing winds to check the amount of crossing obtained. The re- 
mainder of the cages were devoted to breeding material. The seed 
from the cage containing the green hypocotyl roots was all planted in 
the greenhouse to determine the amount of crossing obtained. There 
were 1,890 plants produced, 1 of which was a red hybrid, showing a 
trace of crossing amounting to 0.05 percent. This indicates that 
these cages used in this manner are not perfect but do afford very 
good protection for small groups and small hybrid isolations. 


The cages were placed early in the season, and aphids developed 
in most of them. It is believed that this greatly reduced the amount 
of seed obtained. Table 5 compares the yield of seed from these cages 
with similar material in space-isolated plantings. 


Table 5.—The results of the 1941 cloth-cage experiment. 





Space 
Caged isolated 





Percentage of planted stecklings setting seed 40 38 
Average number setting seed per cage 19 rel 
Variation in yield per individual steckling Trace—28 grams Trace—112 grams 
Average yield per individual steckling 45 gram 

Variation in yield per cage Trace—255 grams 

Average yield per cage 9) grams —_ 
Average germination 36 percent 28 percent 


The yield of seed from these cages was disappointing but the fact 
that they reduce to a minimum the probability of accidental hybrid- 
ization warrants their further consideration. The use of stecklings 
in these cages may answer a need in breeding programs for a means 
of obtaining small amounts of seed of advance generations, back- 
crosses, and hybrids without increasing the number of space isola- 
tions. From this viewpoint these cloth cages utilized in this manner 
appear promising. We are hopeful that the control of aphids through 
the use of fumigants, the selection of a better location, better use of 
manure and commercial fertilizers, and better control ef the material 
to insure uniform bolting may greatly increase the yield of seed. 
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Summary 


Foreign pollen present on seed beets at the time of bagging, 
which may give rise to undesirable hybrids, and infestation of bags 
by aphids may both be effectively controlled simultaneously by a nico- 
tine-sulfate-and-soap-solution spray applied by an ordinary garden 
sprayer immediately before bagging. 

The pair-bagging method of confining branches of adjacent 
plants in a single bag may be useful in indexing the combining ability 
of sugar-beet strains. 

The use of large-sized paper bags for inbreeding and small group 
isolating does not appear promising in view of the relatively high 
mortality of the isolates. 

The use of ‘‘80 Square’’ bleached muslin as an isolating cloth 
where all plants are confined within bags or cages appears promising. 
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Effect of Sulfur Dust on Germination 
Of Sugar-Beet Pollen 


Ernst ARTSCH WAGER! 


In the course of routine pollen-germination tests at State Col- 
lege, New Mexico, during the 1941 season, a sudden drop in germina- 
tion was noticed on May 11] and on the following day. (See table 1.) 
Since germination tests had run very high for the season, an explana- 
tion was sought for this unexpected phenomenon. It was learned that 
the field had been dusted with sulfur on the previous day. Since 
low germination continued for another day, but reverted to the sea- 
son’s normal on the third day, it must have been the sulfur that was 
responsible for the decrease in the rate of germination. 


Since the seed crop was unusually good, dusting, while tempo- 
rarily incapacitating the pollen, could not have had a harmful effect 
on seed setting. The stigma of the beet flower is normally receptive 
over a number of days unless it is permanently damaged and does not 
permit pollen-tube growth on its surface. That the latter had not 
taken place was attested by the excellent setting of seed. 


Table 1.—Effect of sulfur dusting upon pollen-germination ratings at State College, 
New Mexico. Sulfur dust was applied to the field May 10. 





Plant May 9 May il May 13 May 15 
number rating* rating* rating* rating* 
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“0, no germination; 1, very poor germination; 2, poor germination; 3, fair germina- 
tion; 4, good germination; 5, excellent germinaticn. 


1Division of Sugar Plant Investigations, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. 





The Relation of Phosphorus and Nitrogen 
Ratio to the Amount of Seedling 
Diseases of Sugar Beets’ 


M. M. AFANASIEV AND W. E. Carson? 

Seedling diseases of sugar beets, or so-called ‘‘black root,’’ were 
controlled efficiently in the heavy irrigated soils in Montana by im- 
proving the physical condition of the soil and by providing sufficient 
and balanced fertilization. This resulted in good stands, rapid and 
vigorous development of young beets, and high yields. The amount 
of easily available phosphorus and nitrogen present in the soil, and 
their relative proportions to one another, have a great influence on 
the amount of seedling diseases of sugar beets. A soil deficient in 
available phosphorus or nitrogen, or both, or an unbalanced ratio of 
these nutrients predisposes beets to seedling diseases. 


In studying the effect of nutrition on the development of plants, 
not only the amount of available nutrients and their balance should 
be considered, but also the form in which these fertilizers are applied. 
This is especially important in the case of nitrogenous fertilizers. To 
interpret some previous results, an investigation was started to study 
the effect of different P:N ratios on the general development of the 
sugar beets and on the occurrence of diseases in the young beets. In 
this study, nitrogen in the form of nitrates and ammonium salts, and 
phosphorus in the form of treble superphosphate were used. In one 
of the experiments nitrogen, phosphorus, and manure were used to 
study the effect of the manure when used with different P:N ratios. 


As a basie application, 20.8 pounds of treble superphosphate, 
containing 9.6 pounds of P.O;, and 62.3 pounds of calcium nitrate, 
containing 9.6 peunds of nitrogen, or equivalent amounts of am- 
monium sulfate were used per acre of soil as a side-dressing. This is 
a 1:1 ratio of phosphorus (P.0O;) and nitrogen (N). The actual 
amounts of fertilizers applied per each flat of soil and their ratios 
are given in table 1. For each P:N ratio 2 duplicate soil flats, 20 x 
12 x 3 inches, containing approximately 25 pounds of soil each were 
used. 


Three different series of ratios were used. In the first series, 
treble superphosphate was used in combination with calcium nitrate 
in 7 ratios, and in the second series treble superphosphate in combina- 


1Contribution from Montana State College, Agricultural Experiment Station, Paper 
No. 163 Journal Series. 


“Montana Agricultural Experiment Station, Bozeman, Montana. 
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tion with ammonium sulfate, and in the third series treble superphos- 
phate, ammonium sulfate, and manure, thus 7 different ratios and a 
check were used in each series. 


Soil from a plot growing a third year of alfalfa in a rotation at 
the Huntley Field Station, Huntley, Montana, was used. This soil in 
early studies always developed a high percentage of seedling diseases. 
It contained .0.07 percent of total phosphorus (P) and 0.14 percent 
of total nitrogen (N). 

The sugar-beet seed was planted in flats in a greenhouse with 3 
rows in each flat and 20 seedballs in each row. The total length of 
these seeded rows was 5 feet. The fertilizers were applied as a side- 
dressing at time of planting and at the proportionate rate that 5 feet 
of row would be to the total length of rows in an acre field (26,136 
feet). 

Readings of healthy and diseased beets were made at regular in- 
tervals, and the sugar beets remained in the greenhouse until they 
were in the stage of the third pair of leaves. At the time of harvest- 
ing, the tops and the roots from each P:N ratio were weighed sep- 
arately, and a chemical determination was made of phosphorus and 
nitrogen. 


Results of Experiment 


The amount of seedling diseases of sugar beets (graph 1) was 
lowest where treble superphosphate, ammonium sulfate, and manure 
were used and highest with treble superphosphate and ammonium 
sulfate. The amount of seedling diseases in the series where treble 
superphosphate and calcium nitrate were used, occupied an intermedi- 
ate position between the above extremes. The results also showed a 
high correlation of the amount of seedling diseases in individual ra- 
tios in all series. The lowest amount of seedling diseases was in the 
P:N ratios of 1:3 and 1:2, and the highest with 3:0 and the check. 
The amount of seedling diseases with the other ratios was between 
these two extremes. 


The fresh weight of sugar-beet seedlings was calculated on a per- 
centage basis (graph 1) using 100 percent as the highest weight of 
the beets in each series. These weights showed high correlation with 
the amount of seedling diseases. The heaviest plants of all series 
were in ratios 1:3 and 1:2 of P and N, and the smallest plants were 
in ratios 0:3 without manure, 3:0, and the check. The weight of the 
plants in the other ratios of all series was between the two extremes. 


Phosphorus (P) and nitrogen (N) were determined in the tops 
and the roots of all harvested beets and the amounts calculated on a 
dry-weight basis. In graph 1 only the ratios of N:P present in the 
roots of the sugar beets are given. The ratios of tops followed very 
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closely the root ratios. The roots of the sugar beets growing in the 
soil to which phosphorus (P,0;) and nitrogen (N) were added, in 
1:3 and 1:2 ratios, had P:N ratios between 1:9 and 1:12.5, with the 
exception of the series with manure where these ratios were slightly 
lower. With an increase of nitrogen in the soil the ratio of P:N of 
plants became wider, and with an increased amount of phosphorus in 
the soil the ratio of plants became narrower. This undoubtedly indi- 
cated that the soil was more deficient in P than in N. 


It is not intended that the P:N ratios of fertilizers, which in this 
study showed the smallest amounts of disease and highest growth, 
should be recommended for all soils, as the optimum ratio of P:N in 
fertilizers applied to different soils undoubtedly will vary. 


The results of this study emphasize the importance of balanced 
fertilization, not only as an aid in controlling seedling diseases of 
sugar beets, but also in obtaining the maximum possible yield under 
given environmental conditions. 


This study considered not only the amount of fertilizers required 
for proper development of sugar-beet seedlings, but also the form in 
which the fertilizers should be applied, particularly for nitrogenous 
fertilizers. When calcium nitrate was applied, the amount of seed- 
ling diseases was less than when ammonium sulfate was used. As sugar 


beets are so dependent on nitrates, it is not difficult to explain the 
differences in the amounts of seedling diseases with calcium nitrate 
as compared to ammonium sulfate. Nutrition of young sugar beets 
is very localized and is dependent on easily available nutrients. Time 
and certain favorable environmental conditions are necessary before 
nitrogen, applied in the form of ammonium salts, becomes available 
to sugar beets. This period may be quite critical in making plants 
more or less resistant or susceptible to seedling diseases. This study 
was conducted in the greenhouse where conditions for nitrification 
were ideal. Under field conditions in the cold spring weather, this 
difference in the amount of seedling diseases between soils fertilized 
with nitrates and ammonium sulfate probably will be even greater. 


When manure was added to artificial fertilizers, the picture was 
considerably changed. The amount of diseases was very low in all 
ratios, and the ration of recovered N:P in the roots of the plants was 
also lower than when artificial fertilizers were used alone, with the 
exception of ratio 3:0. Manure undoubtedly has significance, not 
only as a source of easily available nutrients, but also as a source of 
certain biological factors which considerably change all nutritional 
conditions in a soil. 








The Effect of Temperature and Moisture 
on the Amount of Seedling Diseases of 
Sugar Beets 


M. M. AFANASIEV! 
Abstract 


A study was made of the effect of temperature (5°, 10°, 15°, 
20°, and 25° C.) and moisture (50, 65, and 85 percent of saturation) 
on the amount of seedling diseases of sugar beets in a soil potentially 
high in these diseases. The plants were grown in a temperature-con- 
trol chamber supplied with artificial light. The moisture of the soil 
was restored every day. The sugar-beet seedlings were grown until 
they were in the third pair of leaves, when they were harvested. 
Readings of healthy and diseased seedlings were made at frequent in- 
tervals during their growth. 


No germination was obtained at 5° C. which indicates that this 
temperature is too low for germination of sugar-beet seeds. Normal 
germination occurred at higher temperatures. At 10° C., the amount 
of seedling diseases was comparatively low, viz, 31.6 and 31.2 percent, 
for the maximum and optimum of soil moisture and especially low, 
viz, 17.3 percent, for the minimum of soil moisture. At temperatures 
of 15°, 20°, and 25° C., seedling diseases were very high, viz, 88.5 
to 99.0 percent, and were about the same for the optimum and maxi- 
mum of soil moisture. At low-soil moisture, the amount of seedling 
diseases was moderate but, with an increase in temperature, progres- 
sively decreased from 49.5 percent of diseased seedlings at 15° C. to 
36.7 percent at 25° C. These results show that low temperature and 
low moisture are more favorable to sugar beets, from the standpoint 
of freedom from seedling diseases, than high temperature and abun- 
dant moisture. 


‘Montana Agricultural Experiment Station, Bozeman, Montana. 





The Use of Chloropicrin for Beet-Seed 
Warehouse Fumigation and Other 
Purposes’ 


FRANK F. LYNES? 


Chloropicrin, commonly called ‘‘tear gas’’ because of its lachry- 
matory effect, is different from the true tear gas in general use at the 
present time. Pure chloropicrin is a colorless liquid, although the 
commercial preparation is frequently yellowish in color. It has an 
oily appearance and a sweetish, not unpleasant odor. A few of the 
commonly accepted physical and chemical properties, as compiled 
from a number of references on the chemical, are as follows: 


CC1sN O2 
164.38 

ened 65 

- = 
112.4° C, 
—H4io C, 
5.7 mm. at 0° C. and 18.3 mm. at 200 C, 

_ ' 0.14 percent 
6.77 Kg. Calories per gram molecule at 35° C, 
13.75 Ib. 
9.15 oz. 


Formula (trichloronitromethane) 

Molecular weight 

Specific gravity (at ordinary temperatures) 
Theoretical specific gravity of vapor (air=—1) . 
Boiling point 

Freezing point 

Vapor pressure 
Solubility in water 
Heat of vaporization 
Weight per gallon 
Fluid ounces per pound 
Cubic centimeters per pound 24d CC, 
Drops per cubic centimeter sa — 118 
Solubility Soluble in the usual organic solvents 
Flash point mene . ee ..None 
Bleaching effect ” — 


Chloropicrin has been scientifically known for almost 100 years, 
but it became available commercially in this country only during 
1925. For fumigation purposes it has gradually replaced the use 
of carbon disulfide, because of the fire and explosion hazard, and 
hydro-eyanic-acid gas, because of its quick action and lack of warn- 
ing which endangered human life. Chloropicrin was first adopted as 
a fumigant by the milling and grain industry and has since found ac- 
ceptance in most fields where gas control of insects and rodents is 
practiced. The toxicity of chloropicrin to the lower forms of animal 
life is well established. Roark (17) lists some 236 references on the 
use of chloropicrin as a fumigant.* 

It is difficult to make an accurate comparison between the tox- 
icity of different fumigants, because the relationship continually 
varies with the environmental factors and the material concerned. 
A comparison of time-proved dosages under practical fumigation con- 


‘Contribution from the Beet Seed Breeding Department, Holly Sugar Corpora- 
tion, Sheridan, Wyoming. 

*Associate Agronomist. 

*Figures in parentheses refer to Literature Cited. 
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ditions would seem a fair comparison. The following information 
gives the ordinary commercial rates of application, in a tight build- 
ing, at a temperature of 80° F., for a few common fumigants (1): 





Percentage 
Dosage per gas—volume 
Chemical 1000 cu. ft. concentration 





Chloropicrin 1 Ib. 0.24 
Hydro-cyaniec acid 1% Ib. 0.72 
Ethylene oxide 1% Ib. 1.33 
Carbon disulfide 5 Ib. 2.60 
Ethylene dichloride 10 Ib. 4.00 





If gas-volume concentration may be used as an index, chloropic- 
rin is 3 times as effective as hydro-cyanic-acid gas and 10 times as 
effective as carbon disulfide. Actually, Moore (14) calculated that, 
molecule for molecule, chloropicrin is 283 times as toxic as carbon di- 
sulfide. One of the chief factors affecting results from chloropicrin 
fumigation is the penetrating ability of the gas. Johnson (10) states 
that at the proper concentration it kills inseet life in all stages 
throughout warehouses containing 140-pound sacks of flour, standard 
eases of tobacco, and sacks of rice. In bulk-grain fumigation, pene- 
tration is effected to kill the weevil egg, larva, and pupa hidden 
within the grain. It was the only fumigant among those tried by the 
California Termite Commission (2) which killed all termite life in 
sections of telephone poles in vault fumigations. 

Rodents have always been more or less of importance in sugar- 
beet-seed warehouses. Mice, in particular, have caused a great deal 
of damage to both bags and seed. Each company and every factory, 
where beet seed is stored, has had to contend with this nuisance. 
Lambert and Jackson (13) give lethal concentrations of chloropicrin 
for rats at various exposure-times as follows: 

7.4 mg. per liter 3 minutes 
1.0 mg. per liter 15 minutes 
0.5 mg. per liter 30 minutes 


The usual commercial recommendation, according to Johnson (10), 
for the control of rats and mice is 44 pound of chloropicrin per 1,000 
eubie feet of warehouse space. Chloropicrin irritates the rodents, 
causing them to leave their hiding places to die in the open. There 
is no odor to the dead bodies, indicating that the gas kills the organ- 
isms causing putrefaction. 

Such a highly toxic, penetrating fumigant would be desirable for 
use in beet-seed warehouses if it could be handled safely and would 
not have a detrimental effect on the seed. According to Witherspoon 
and Garber (21), the average person is conscious of the presence of 
ehloropicrin in concentrations as low as 1 ppm., and, at 2 to 3 ppm., 
tears are produced. As the concentration increases, irritation of the 
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membranes in nose, throat, and bronchial tubes occur progressively, 
accompanied by such reactions as coughing and sneezing. Experi- 
mental work indicates the limit of human voluntary toleration for a 
2-minute period as about 22 ppm. According to Witherspoon and 
Garber, the lowest lethal concentration for dogs is over 120 ppm. 
which is 5 times the maximum voluntary toleration by humans, and 
the exposure for dogs is % hour as compared to only 2 minutes for 
humans. Thus it would appear that chloropicrin is far from being 
a rapid poison, which would be a valuable safety factor in case of ac- 
cidental severe exposure. Since the gas is detectable in such minute 
concentrations and cannot be tolerated voluntarily in concentrations 
sufficiently strong to cause injury, it should be quite safe to use. 


Knight (12) presents data on the effect upon germinations and 
states that the viability of the seeds of corn, oats, wheat, and soybeans, 
with moisture content low enough for safe storage, was not signifi- 
eantly affected by chloropicrin fumigation with dosages necessary for 
complete insect control in sacked grain. He used from 1 to 6 pounds 
per 1,000 cubic feet for grain stored in cloth bags. Thus it would 
appear that the recommended commercial rate of 44 pound per 1,000 
eubie feet for the control of rodents would be safely applicable to 
stored beet seed. 

Beet-Seed Warehouse Fumigation 

In order to determine the effect of chloropicrin fumigation on 
sugar-beet seed, an experiment was conducted using sealed glass bot- 
tles and concentrations of chloropicrin up to 1 pound per 1,000 cubic 
feet. Germinations were run on the treated seed after 40 hours ex- 
posure, and they showed no detrimental effect on the seed as a result 
of the treatment. 

Mice had infested our seedroom at the experiment station at 
Sheridan, and in order to make a practical application, chloropicrin 
was applied to this room, in the fall, at the rate of 44 pound per 1,000 
eubie feet. The application was made on Saturday evening, and the 
building remained closed until Monday morning. This single appli- 
eation was sufficient to kill all of the mice in the building. It re- 
mained free of mice until late the following spring when it was nec- 
essary to have the building open a great deal and mice had an oppor- 
tunity to come in from the outside. Germinations after exposure 
showed no detrimental effect upon the seed. 


In large warehouse fumigation, the application of chloropicrin 
is relatively simple, and a number of methods have been used success- 
fully. In general, the more finely the liquid is broken up, the more 
readily it passes from a liquid to a vapor form, and the quicker a 
maximum concentration is reached within the building. Any method 
of application may be evaluated by this criterion. The most common 
method of application for large warehouses is by sprinkling with an 
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ordinary watering can, or by bottles equipped with sprinkler corks, 
on empty burlap sacks spread out either under foot or over the mate- 
rial to be fumigated. Hand-compressor sprayers, blowers, and atom- 
izers have also been used successfully. Usually men wear gas masks 
equipped with canisters, designed for protection frome acid gases and 
organie vapors, when they are making the application. 

Following our initial experiments, the Sheridan factory ware- 
house, which was heavily infested with mice, was fumigated in the 
late fall. This building is constructed of corrugated iron siding 
nailed to open studding. The volume of the warhouse was calculated, 
including the space in the gables and not deducting for the space oc- 
cupied by the seed. An amount of chlolopicrin was measured out to 
make an application of 14 pound per 1,000 cubic feet. The liquid was 
placed in a garden hand-compressor sprayer, and a man wearing a 
gas mask climbed over the large stacks of bagged seed spraying in the 
atmosphere and on the upper layer of sacks. As soon as the applica- 
tion was well underway, observers on the outside of the building no- 
ticeed many mice coming out of crevices and holes in the sides of the 
building. By the time the application was complete the mice were 
tumbling pell-mell out of any opening they could find. A count was 
made of the number coming out of one crevice formed by a lap of 
the corrugated iron, and a total of 21 mice came out during the ob- 
servation. A few of the mice apparently escaped, after having only 
a light exposure, and were able to move some 15 feet away from the 
building where they sat up, pawed vigorously at their noses, and soon 
toppled over and died. No mouse was seen to escape. The building 
was closed over the week end and then opened to allow any remaining 
fumes to escape. Examination of the building revealed many dead 
mice. They were lying about in the corners and wedged between 
sacks of seed, indicating that they had attempted without success to 
avoid the penetrating fumes. 

Following this initial application, the bases of the large stacks 
were sprayed with chloropicrin, using 4% of the above amount at in- 
tervals of about 1 month, to avoid reinfestation until time to remove 
the seed in the spring. No live mice were seen in the warehouse after 
the initial application in the fall. At the time the seed was removed, 
dead mice were found wedged between sacks in all parts of the large 
stacks indicating that the fumes had penetrated the stacks thoroughly. 


Formerly, hydro-cyanic-acid gas had been used as a fumigant in 
our seed warehouses with only partial success in mouse control. Due 
to our success in keeping the warehouses free of mice by using chloro- 
picrin, it has been adopted for use in all our beet-seed warehouses. 
The procedure is to calculate the entire volume of the house and 
make the initial application, at the rate of 4% pound of chloropicrin 
per 1,000 cubic feet, in the fall after all seed has been stored in the 
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warehouse for the year. This same rate is applied again in the spring 
following the period when the seed is issued to the farmers, at which 
time the warehouse normally is open a great deal. Between these 2 
strong applications, which normally are about 6 months apart, 2 light 
applications of 14 the above amount, each, or 1/16 pound per 1,000 
eubie feet, are made as a precaution against reinfestation. Thus, 
there are 6 fumigations a year at approximately 2-month intervals. 
Following the strong applications, the building normally may be 
left closed for quite some time and, when opened, thorough ventila- 
tion usually is unnecessary, so that sufficient traces of the gas re- 
main to act as a repellent to rodents but are not noticeable to work- 
men. By the addition of the iight applications, reinfestation is 
avoided. The warehouses are open sufficiently in the fall during re- 
ceipt of the seed and again in the spring during the issuance of the 
seed, thus no traces of the gas are noticeable to the workmen. 


Following the above procedure for the Sheridan factory ware- 
house, which is 40 by 80 feet by 16 feet high, plus a 10-foot gable (a 
total of 67,200 cubic feet), it would require 16.8 pounds for a strong 
application and a total of 50.4 pounds per year. The cost of our lat- 
est shipment of the chemical was 77.18 cents per pound, fob. Sheri- 
dan, Wyoming, which would make the annual cost of the chemical 
$38.90. This amounts to approximately 58 eents per 1,000 cubic feet 
per year. Comparing this with the cost of an equal number of appli- 
eations of hydro-cyanic-acid gas, as formerly used, it required 12 
pounds of sodium cyanide at 24 cents per pound and 18 pounds of 
acid at 22 cents per pound, or $6.84 per application—a total cost of 
$41.04 per year for 6 applications. This would show a decrease in the 
cost of the chemical of $2.14 for the year, but the cyanide actually 
was applied more frequently and was only partially successful, being 
particularly less effective during cold weather. Data in regard to 
the actual number of fumigations per year with cyanide or the loss 
of bags and seed from rodent activity are not available, but this ad- 
ditional cost would show a decided saving in the use of chloropicrin. 


Greenhouse Soil Sterilization 


During the past few years the use of the fumigant chloropicrin, 
for partial sterilization of soils, has been receiving increasing at- 
tention as the knowledge of its value for this purpose has increased 
and better methods of application have developed. G. H. Godfrey 
and co-workers have done much to increase our knowledge in this 
use of chloropicrin. Their work has been primarily on the control of 
root-knot nematode, and a good deal of this work was done in the 
pineapple fields of Hawaii. In a comparison of a light application of 
chloropicrin with carbon disulfide, Godfrey (5) reports: 


Nellar and Allison (15) of the Everglades Experiment Station of 
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Increase in 
Reduction of yield of 
Chemical Rate root-knot nematode pineapple 
(pounds per acre) (percentage) (percentage) 


Chloropicrin 150 ) 83 52 
La 


Chloropicrin 170 9” 52 
Carbon disulfide TO 48 29 


the University of Florida, have developed a machine for the subsur- 
face treatment of soils with chloropicrin and carbon disulfide. They 
report complete control of root-knot nematode on okra in peaty soil 
at 405 pounds of chloropicrin per acre. 

Chloropicrin not only is a nematicide but also an efficient fungi- 
cide. The control of a rather large number of pathogens has been re- 
ported. Godfrey (4) reports the control of Fusarium sp. from gladi- 
olus, Phytophthora cactorum from snapdragons, Rhizoctonia solani 
from sugar beets, Sclerotium rolfsii from sugar beets, Verticillum 
albo-atrum from strawberry, Dematophora sp. from apple roots, and 
Armillaria mellea from prune roots by an application of 400 pounds 
per acre. 

The use of chloropicrin on soils results in a stimulated plant 
growth such as that reported following ‘‘partial sterilization’’ of 
soils. Howard (9) reports increases in crop yields from the use of 
ehloropicrin, at the rate of 154 pounds per acre, on a series of field- 
erop plots which had been used for 30 years in a rotation study. This 
inerease was 22 percent for cabbage, 52 percent for carrots, 65 per- 
cent for mangels, 46 percent for millet, 88 percent for rutabagas, 43 
percent for onions, 46 percent for tomatoes, 104 percent for peppers, 
and 206 percent for eggplant. 

Johnson (11) made an extensive series of pot experiments com- 
paring 42 chemicals for soil treatment and found that at anywhere 
near equivalent applications, no other chemical produced the stimu- 
lation in growth that resulted with the use of chloropicrin, nor did 
any of them appear to be a practical rival for soil treatment. 
Amounts of chloropicrin as small as 2 grams per cubic foot of soil 
produced results similar to those obtained from steaming the soil. 

Johnson (11) discusses the phenomena observed as a result of 
partial sterilization of soil and a number of the theories advanced by 
other workers. Howard (8) reports no unfavorable change in the 
physical structure or the chemical composition of the soil. 

The use of chloropicrin for partial sterilization of greenhouse 
soils has been well outlined, giving the requirements for good results 
and the materials and equipment necessary, by Godfrey and Young 
(7), Stark (19) (20), Howard (8), and Newhall (16). Godfrey (6) 
reports that better results may be obtained by confining the gas ade- 
quately in the soil. His results show that animal glue is durable and 
highly efficient for confining chloropicrin. The glue is cheap and 
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may be used as a sizing on paper to produce a relatively gas-tight 
covering material applicable for general fumigation purposes. When 
using gas-impervious containers Godfrey (4) found that 24% ee. per 
cubie foot were very efficient in killing injurious soil fungi, nema- 
todes, garden centipedes, wireworms, sowbugs, and the like, and even 
weed seeds to some extent. Since chloropicrin is relatively insoluble 
in water, the diffusion of the gas through water is very low. This 
may be made use of in utilizing a water seal for confining the gas. 
For gas retention, when using a hand applicator, Howard (8) states 
that as an area is finished a water ‘‘seal’’ should be created by water- 
ing so as to wet the surface soil. 

We have been utilizing chloropicrin for sterilization of green- 
house soil for the past 3 years. We have successfully utilized appli- 
eations of from 2 ce. to 8 ee. per square foot. From our results, it is 
apparent that the depth of application and frequency or spacing of 
points of injection, as well as the amount of material to apply, will 
vary with each specific set of conditions. The amount of material re- 
quired apparently varies with the organic content of the soil, more 
material being required as the organic material present is increased. 
As a general plan of fumigation, from which we deviate according to 
specifie conditions under consideration, we have adopted the prac- 
tice of applying chloropicrin, when the moisture content of the soil 
is such that the soil is in optimum working condition (culturally), at 
the rate of 6 ec. per injection, to a depth of 8 inches, at points of in- 
jection 20 inches apart in 10-inch rows, and thoroughly wetting the 
surface with water immediately to prevent the rapid escape of the 
gas. This procedure has given satisfactory control of harmful soil 
micro-organisms and insects, and has not affected adversely soil 
structure or chemical composition. We have controlled, as shown by 
cultures from diseased sugar beets, Phoma sp., Stemphylium sp., 
and Fusarium sp. Where the greenhouse is well ventilated and the 
surface of the soil thoroughly wet at the time of application, a gas 
mask has been found unnecessary. Small concentrations of the gas 
are toxic to living plants, and therefore no living plants remain in the 
greenhouse during the treatment. Applications normally are made 
in the evening and the building tightly closed overnight. The gas 
escapes as the surface of the soil dries, and plantings normally are 
made 2 weeks after application. On heavier types of soil, working of 
the soil may be necessary for escape of the gas. The above rate of 
application would require 15.82 pounds per 1,000 square feet. At a 
cost of 77.18 cents per pound, this would amount to $12.21 per 1,000 
square feet of treated surface. 

According to the Chemical Warfare School (3), the maximum 
possible concentration of gas obtainable at 20° C. and standard pres- 
sure is 0.164 gram per liter of air. Using this figure it would require 
3.28 ec. per cubic foot for saturation. However, using Godfrey’s (4) 








420 AMERICAN Society SuGar-Beet TECHNOLOGISTS 


figure of 40-percent air space in soil, it would require only 1.312 ce. 

per eubie foot. This might indicate that we have been utilizing an 

excess of material, but the additional amount seems warranted to 

take care of the diffusion below the first foot and the loss into the 

atmosphere. By utilizing a gas-impervious paper instead of a water 

seal, a smaller amount of chloropicrin may be found equally effective. 
Other Uses 

We investigated the possibility of utilizing chloropicrin as a 
fumigant to control aphids on living sugar-beet plants in our green- 
house. Concentrations of from 1 pound per 24,000 cubie feet up to 
1 pound per 1,000 eubie feet were tested. Severe burning of the 
plants was obtained where only a few aphids were killed, and where 
all aphids were killed, the plants also were killed. These results are 
in agreement with those of Spencer (18) and others who conclude that 
chloropicrin cannot be used for greenhouse fumigation because of 
its deadly effect on living plants. 

Although adequate trials have not been conducted to establish 
proper treatment, we have utilized chloropicrin successfully for 
sterilization of root cellars and storage crates, at the rate of 1 pound 
per 1,000 eubie feet. We also have controlled sugar-beet nematode in 
field trials by applications of 6 ce. per square foot of treated area. 
A similar application destroyed perennial European bindweed. Bed- 
bugs were thoroughly controlled in labor houses by 2 applications, at 
a 2-week interval, of 1 pound per 1,000 cubic feet. 

Summary 

The use of chloropicrin as a fumigant for beet-seed warehouses 
answers a need for a highly toxic, penetrating, safe, efficient fumi- 
gant for rodent control. The cost of the chemical for this control is 
only about 58 cents per 1,000 cubic feet per year. 

Chloropicrin is a convenient fumigant for effective partial steril- 
ization of greenhouse soils for the control of harmful micro-organ- 
isms and soil insects. 

Chloropicrin may be utilized to sterilize root cellars and storage 
erates. It is useful in the control of nematode and bindweed. It 
may be used effectively to eliminate bedbugs from labor houses. 
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Conditions Favoring Phosphate Deficiency 
in Sugar Beets 


H. E. Morris! 


Abstract 
Sugar beets grown in the heavy irrigated soils in Montana often 
develop symptoms of phosphate deficiency, as the available phosphate 
is not sufficient for their normal development.? This condition was 
observed many times at the Huntley Branch Station near Billings, 
Montana, when beets were planted immediately following a 2-year 


crop of alfalfa. 

A study of Montana soils indicated a phosphate deficiency in cer- 
tain areas, as the total phosphorus (P,O,;) content ranges from 0.04 
to 0.45 percent. In a more intensive investigation, the results ob- 
tained showed that a majority of the soils investigated responded to 
a phosphate fertilizer by increasing both the yield and phosphorus 


content of the crop.* 

Alfalfa is a heavy feeder of phosphates, as a 4-ton erop of hay 
will remove approximately 40 pounds of phosphorus (P,O0;), but at 
the same time the nitrogen content of the soil is maintained due to the 
nitrogen-fixing bacteria in the nodules on the alfalfa roots. When 
beets follow alfalfa, the ratio between the available phosphorus and 
nitrogen is unbalanced, and many young beets succumb to black-root 
diseases; those that survive develop symptoms of phosphate defi- 
ciency. 

In fall-plowed alfalfa ground only a small amount of available 
nitrogen is present in early spring, as most of the nitrogen is present 
in an unavailable form, and conditions for nitrification are not favor- 
able. Sugar beets in the early stage of development require a con- 
siderable amount of available nitrogen, for their normal development, 
otherwise they grow slowly and become susceptible to seedling dis- 
eases. Later in the season nitrification is rapid, and the available 
nitrogen is sufficient. But the supply of phosphorus is low, and 
acute phosphate deficiency of sugar beets develops usually in July 
or August. 

Sugar beets may produce a low yield, due to a soil of low fer- 
tility, and not develop phosphate-deficiency symptoms because the 
ratio of nitrogen to phosphorus is balanced. 

The proper balance between nitrogen and phosphorus is neces- 
sary for the normal development of beets, however, the yields may 
vary according to the different levels of fertility maintained. 


i1Botanist, Montana Agricultural Experiment Station. 

“Plant Disease Reporter, 25:414, 1941. 

*Montana Agricultural Experiment Station Bul. 159. 

‘Montana Agricultural Experiment Station Bul. 240, 259, 280, 296, 316, 334, 356, 369, 


378, 395. 





A Botrytis Form Causing Storage Rot 
in Sugar Beets 


ALBERT ISAKSSON!, 2 


In the spring of 1941 a disease, previously not recorded by the 
Great Western Sugar Company and possibly new to the beet-sugar 
industry as a whole, was found on roots of the sugar beet (Beta vul- 
yaris L.) kept in a storage cellar at the Experiment Station at Long- 
mont, Colorado. It was a root rot with which was associated a fungus 
apparently of the form genus Botrytis, and which readily produced 
sclerotia in culture. 

Botrytis forms and more or less related Sclerotinia forms are 
known to cause rots of many vegetables and fruits. Rarely, how- 
ever, are beets mentioned as host plants to these organisms. Ramsey 
(3), in ‘‘Sclerotinia species causing decay of vegetables under transit 
and market conditions,’’ mentioned Botrytis cinerea Pers. very brief- 
ly and in no way to indicate a connection with disease of beets.* Beet 
roots were found to be highly resistant to inoculation with Sclerotinia 
libertiana. S. intermedia, S. ricini, and S. minor, with which forms 
the Botrytis form under discussion does not seem to be connected. 
In a later publication (4) the same author discussed Botrytis 


cinerea among potato pathogens but did not give the beet as a host. 
Beet roots were mentioned only in a reference to his paper previ- 
ously given (3). Hodges (2) in 1936 in his study of ‘‘ Fungi of Sugar 
Beets’’ did not report Botrytis or Sclerotinia forms among fungi re- 
covered. 


Conditions Under Which the Fungus Occurred and Was Discovered 


Most of the beets in the root cellar had been tested for sugar con- 
tent and checked for presence of rot during the latter two-thirds of 
the month of December 1940. In some of the material a considerable 
number of diseased roots was found. This was believed to be caused 
by difficulties in lowering the temperature in the newly constructed 
root cellar to a satisfactory level during the first part of the storage 
period. If the individual beets, when examined, were found to be 
attacked only moderately by rot, the affected tissue was carved out, 


1Assistant Agronomist, Experiment Station of the Great Western Sugar Company, 
Longmont, Colorado. The writer wishes to express his appreciation to A, C. Maxson, 
Head of the Experiment Station, Longmont, Colorado, especially for putting up the 
first cultures containing the fungus prior to the writer's return from a leave of ab- 
sence; to Dr. L. W. Durrell, Head of Department, and Dr. W. A. Kreutzer, Assistant 
Pathologist, Department of Botany and Plant Pathology, Colorado State College, 
Fort Collins, Colorado, for valuable information and advice, and to Dr. H. H. Whet- 
zel, Professor, Cornell University, for information and advice, particularly with re- 
spect to the designation of the fungus. 

“This paper was presented by Dr. H. E. Brewbaker. 

*Numbers in parentheses refer to Literature Cited. 
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and the roots were put back in storage. The testing process also re- 
sulted in a certain injury to the beets by leaving a drill hole of ap- 
proximately 7%-inch diameter. The routine procedure employed in 
this work no doubt permitted many roots to go back in storage be- 
fore proper drying and healing of the wound surfaces were accom- 
plished, and this fact probably helped to develop the trouble that fol- 
lowed later. 


The amount of rot encountered at the time of the testing was, of 
course, a matter of some concern, but the situation was not considered 
in any sense alarming. The types of rot noted exhibited nothing dif- 
ferent from what had been observed in numerous instances in the 
past. As usual, Phoma seemed to be the organism most frequently 
found, with Fusarium, Pythium, and Rhizoctonia forms occurring in 
sporadic cases. Saprophytes and facultative or weak parasites, such 
as species of Penicillium, Mucor, ete., naturally complicated the pic- 
ture by their presence. 


During the latter part of March and early in April, however, 
root rots were again found active. At this time some individual roots 
were in a rather advanced state of decay, often exhibiting an external 
fungus flora with a variety of types and colors. No attempt 
will be made to give the exact amount of damage caused by any one 
of the specific offenders among these organisms. It may be men- 


tioned, however, that Phoma was again obtained from a large number 
of root-tissue plantings. At the same time the Botrytis form, con- 
nected with the new form of rot already mentioned, was frequently 
recovered from similar tissue plantings. 


The first tissue, mycelium, and spore-plantings from the diseased 
beets were made during the last week of March, consisting of a limited 
number of test-tube slants with beet-juice agar, representing five dif- 
ferent roots, two of which later proved to be infected with the Botry- 
tis form now under discussion. A considerable number of similar 
cultures was put up during the first few days of April, mostly on 
potato-dextrose agar, and while both of these types of cultures pro- 
duced attachment organs (see under ‘‘The Organism’’) as well as 
the typical Botrytis spore stage of the newly found organism, the 
potato-dextrose cultures also produced sclerotia very readily. Thus, 
while there had been at first an inclination to consider the unusual 
gray growth as merely representing another chance pickup, likely to 
disappear as suddenly as it had appeared, it now became clear that it 
had to be taken more seriously. The unusual mycelium and spore 
growth continued to appear on many of the beets, together with cor- 
responding internal decay, and the agar cultures continued to yield 
this fungus with its Botrytis spore stage and its sclerotia in a great 
number of cases. 
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The Disease 

The disease caused by the Botrytis form under discussion, as 
generally observed at the experiment station, was a root rot in which 
the tissues under attack were at first quite uniformly invaded and 
discolored on a broad and rather regular front (fig. 1), with no ap- 
preciable change in the apparent moisture content. A general col- 
lapse of tissues followed in a much later stage. The discoloration 
varied over a considerable range from a very dark brown, which in 
some cases bordered on black, to a pale brown with a tinge of pink. 
Any and all locations on the beet root seemed to be suitable for the 
initial attack, if the conditions were favorable, and it was frequently 
observed that several points on the same root had been attacked inde- 
pendently. However, it was evident in the beets studied that the 
wounds caused by the test drill or by carving out diseased tissue, as 
mentioned earlier, and also the broken root tip, served as by far the 
most preferred and effective ports of entry for the fungus. Thus, 
this organism may be a wound parasite in a general sense but able to 
attack the beets through rather small and inconspicuous blemishes 
in the epidermis, by the lateral roots, or around buds on the crown 
after perhaps having gained a foothold in collapsed remnants of peti- 
oles. This point could not be investigated conclusively because of in- 
sufficient material for study purposes at the time of the discovery of 
the disease. A few surface applications of inoculum gave negative 
results. 











$a —— 





Figure 1.—Spread of the Botrytis rot from two holes made at right angles to 
each other. Note advance in tissue over rather even front, with relatively dark dis- 
coloring, and conidia formation on mycelium in holes. Specimen inoculated and kept 
at 4° to 9° C. for 42 days. Advance much ‘slower than in some cases. Decay on 
upper right side should be disregarded in this connection. Gray spots noticeable on 
areas of decay do not represent mycelium and conidia, as in the holes, but small fi- 
brous particles of beet tissue which rapidly lost moisture when beet was cut. 
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Inoculation of roots under pyramid-shaped plugs (approximately 
12 x 12 mm.) was usually suecessful, provided a fairly large amount 
of mycelium, with or without the conidial spore stage, was intro- 
dueed. Inoculation of holes (fig. 1) made with a 44-inch tube borer 
was tried in a small number of cases, all of which were successful. 
These holes were permitted to dry and heal over for 14% to 2% 
hours before the inoculum was applied. They were not plugged. The 
beets were kept in a refrigerator at a temperature of 4° to 9° C., 

Most of the inoculated specimens were kept at 4° to 9° C. for 
the duration of the test. This was for the purpose of simulating the 
somewhat too high storage temperature that the beets had been sub- 
jected to before the fungus was discovered. The rapidity with which 
the rot established itself and spread through the tissue at this tem- 
perature was considerably less than at room temperature, judging 
from a comparison with a few of the first inoculations made. How- 
ever, the penetration of the discoloration at the lower temperature in 
a number of cases amounted to as much as 10 to 25 mm. in 25 days 
and, in a few cases, exceeded this figure appreciably. The Botrytis’ 
spore stage often began to appear on the surface mycelium after 14 
days. From the 25 last inoculations, the organism was recovered in 
100 percent of the cultures even in spite of notable differences in 
penetration and color of the different loci. 


The Organism 


The mycelium of this Botrytis form as found on the beets usu- 
ally exhibited a gray color of varying shade which seemed to become 
decidedly darker with age (fig. 1 and 2). Young and luxuriantly 
growing mycelium in rare cases was found to be practically white, 











Figure 2.—Mycelium on conidial growth very dark as compared with growth 
shown in holes on figure 1. Specimen old and noticeably shrunken when photo- 
graphed, June 14. Selerotia formed in identification number not surrounded by sur 
face mycelium. Some penicillium present at right. 
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Figure 3.—Cultures of the Botrytis form under discussion grown on potato-dex- 
trose agar at room temperature. Older specimen 6 weeks old and showing numerous 
sclerotia. Conidial stage atso present on some areas within 15 mm. from edge. 
Younger specimen 6 days old with growth reaching edge. Growth thickening toward 
edge, of whitish color, and in this case with a faint touch of pink. Conidial devel- 
opment beginning. 
for instance over a cut surface of a rotting beet that had been kept 
in a warm and humid atmosphere, but it soon grew darker. In this 
brief sketch of the morphological nature of the fungus it may be 
pointed out that it corresponded closely, on most points comparable 
in spite of being on a different host, with the description of Botrytis, 
and more specifically Botrytis cinerea, as given by Stevens (5). 
Conidiophores and conidia corresponded in detail with the picture by 
Smith, used by Stevens. Attachment organs were formed very early 
in culture and corresponded with the description of those of Sclero- 
tinia fuckeliana as given by Stevens (picture by Istvanffi). They 
were among the first features observed which indicated the presence 
of an unusual fungus on the beets. Sclerotia were not observed on 
the beets at the time of the discovery of the fungus but appeared in 
considerable numbers on some beets which were held through the 
first part of the summer (fig. 2). They seemed to form chiefly in 
eracks or depressions such as between buds on the crown or even in 
small injuries. Note the case of the badly affected beet (fig. 2), with 
rot spreading from the hole but sclerotia forming in the identifica- 
tion number independent of external mycelium. The picture was 
taken when the beet was noticeably shrunk and the Botrytis growth 
much darker than in the earlier stages. As mentioned previously, 
sclerotia were also obtained readily on potato-dextrose agar (fig. 3), 
while they were smal! and few, if present at all, on the beet agar used 
in this work. The conidial stage developed readily on both media 
but generally less abundantly on potato-dextrose agar. Note the oc- 
currence of conidial growth on some parts of older specimen (fig. 3). 
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Another interesting parallel was noted in one particular root 
that was inoculated on July 23 and kept in the refrigerator until 
September 3. This root was not fully turgid when inoculated, after 
this considerable period of storage, which fact may account at least 
in part for a pronounced shrinking of the two plugs, under which 
the inoculations were made, and of the beet tissue under the plugs. 
In one ease, cavities were formed even independently of the shrunken 
space immediately under the plug. However, the interesting feature 
was the complete filling of the cavities under the plugs in both loci 
with a tough, rather rubber-like, cement-colored mass, which more 
than likely was of the same nature as a formation mentioned by 
Stevens (5) in his description of Sclerotinia fructigena, cinerea, and 
laxa, as follows: 


‘The mycelium within the fruit persists, turns olivaceous and 
forms large irregular sclerotioid masses which on the following spring 
may produce fresh conidia.’’ 


As pointed out by Stevens (5), ‘‘The form genus Botrytis con- 
tains many parasites on various hosts. In some instances they are 
known to include ascigerous stages (Sclerotinia) in their life eyele; 
in others no such relation is known, though it has often been assumed. 
Specific limitations are but poorly understood, and the relations be- 
tween the various forms and between these forms and the ascigerous 
stages are in a state of much confusion.’’ 


This statement, made by Stevens about 20 years ago, applies to 
a very great extent today. The reviewer of ‘‘The perfect stage of 
Botrytis cinerea,’’ by J. W. Graves and F. L. Drayton (1), makes 
the following statements: 


‘*In this preliminary study, using about 70 isolates from various 
hosts and localities as a basis, the authors obtained mature apothecia 
belonging to the genus Sclerotinia from 9 isolates. The taxonomic 
significance of the development of these sclerotinioid apothecia by 
some of the common forms of Botrytis cinerea cannot be properly 
evaluated at present, and hence no change in nomenclature is pro- 
posed. However, it is believed that work now in progress with single- 
ascospore cultures will give some clue to the interpretation of the 
numerous variations observed and help to clarify the species concept 
in this perplexing group of fungi.’’ 


The fungus under discussion has been pronounced by a reliable 
authority to be a Botrytis of the cinerea type. It is not identical with 
Sclerotinia fuckeliana, mentioned in the morphological comparisons, 
but is a closely related form. 
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Possible Origin of the Fungus in the: Case under Discussion 


The origin of this fungus in the beet material at Longmont is 
largely a matter of conjecture. It is true that it appeared during the 
first season in which the newly constructed root cellar was in opera- 
tion, but this fact in itself does not explain the matter. The most 
plausible explanation appears to be that the initial infection of the 
cellar occurred through the introduction of some used vegetable and 
fruit crates, and that the conditions happened to be favorable for 
growth and spread, particularly in view of the fact that the fungus 
develops well at a relatively low temperature. 


It is regretted that this theory regarding the source of the inocu- 
lum could not be checked, since by the time the fungus had been ree- 
ognized as a menace all the used crates obtained had been inside the 
cellar and thus had to be considered contaminated. 


Upon the complete emptying of the cellar, it was disinfected with 
a solution of copper sulfate, and all the crates were treated by being 
immersed for 12 to 15 minutes in the same solution, the strength of 
which was approximately twice the strength used in treating grain. 


Up to date the fungus has not reappeared, and it is hoped that 
by using great care in cleaning out the drill holes when testing the 
beets, by allowing considerable time for drying and healing of the 
wound surfaces before the roots are put back in storage, and by 
keeping a lower temperature in the root cellar the trouble will be 
prevented. 


Summary 


In the spring of 1941 a disease hitherto not recorded by the Great 
Western Sugar Company was found on roots of the sugar beet (Beta 
vulgaris L.) kept in a storage cellar at the Experiment Station at 
Longmont, Colorado. Isolations from attacked beets yielded a fungus 
of the form genus Botrytis, the morphology of which resembled 
closely the description of Botrytis cinerea Pers., and it has been des- 
ignated as a Botrytis of the cinerea type. Wound-inoculation tests, 
with resulting rot and later recovery of the organism introduced, 
showed it decidedly pathogenic to sugar-beet roots under the condi- 
tions of the test. 


It is considered probable that the disease was introduced with 
some used vegetable and fruit crates, which may have carried the 
original contamination. 


After disinfection of the cellar and the crates, the disease did not 
reappear by the end of 1941. 
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Dusting and Spraying Sugar Beets in 


Michigan for Control of Cercospora 
Leafspot 


J. H. Muncre! 


During the years 1936, 1937, and 1938 the estimated loss to the 
sugar-beet crop in Michigan because of attacks of Cercospora leafspot 
averaged approximately 15 percent. This disease is one of long stand- 
ing in the State, but only during recent years have there been suc- 
ceeding serious losses to the sugar-beet industry. 


In 1939, cooperative experiments and demonstrations were in- 
augurated with the various sugar companies, and dusting work was 
earried out on 26 blocks of beets in the Saginaw Valley. The dust 
material used was monohydrate copper sulfate-lime 20-80, since pre- 
vious work had shown this to be effective under moist conditions. 
The results of all these trials in 1939 showed conclusively that, in a 
year of moderate to heavy leafspot infection, the 20-80 copper-lime 
dust at 3 to 4 applications was an effective control, giving an average 
increase of approximately 2 tons of beets per acre, with an increase 
in sucrose of 1 percent, 1.2 percent increase in purity, and an increase 
in estimated recoverable sugar of 777 pounds per acre. These results 


IMichigan Agricultural Experiment Station. 
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also showed that dust applications at night, when the beets were wet 
with dew, were more effective than those made during the day with 
the beet leaves relatively dry. 


Results in 1940 


The experiments in 1940 were set up to include several of the 
newer copper compounds so manufactured that for best results it 
was unnecessary to make applications at night. Various fillers also 
were used in combination with the copper materials. Briefly, the 
data from the trials of 1940 show that each of the materials tested, 
ineluding basicop, cuprocide, bordow, tribasie copper sulfate, and 
monohydrate copper sulfate, in at least one combination with its 
filler and sticker, gave statistically significant increase in yield of re- 
eoverable sugar in the state-wide tests. These data, presented at the 
Detroit meeting last year, will not be given in this report. 


Results in 1941 


For the trials in 1941, strip tests of 4 materials were made in 17 
beet fields in the districts representing the Great Lakes, Lake Shore, 
Michigan and Monitor sugar companies. Each dusted strip in the 
field was adjacent to a strip of equal or greater width left undusted 
as a check. The results of these trials (table 1), using average yields 


for the entire State, show that each of the materials employed gave 
an increase in recoverable sugar statistically significant at the 5-per- 
cent level. 


In addition to the strip tests using only 4 materials, 2 other ex- 
periments were carried out at the Merrill Farm of the Lake Shore 
Sugar Company and on a grower’s farm in the Great Lakes Sugar 
Company district near Blissfield, Michigan. The plots in these ex- 
periments consisted of 4 replications of 11 and 12 materials, respec- 
tively, and an undusted check laid out in randomization. Leafspot ap- 
peared rather late in the summer at the Merrill Farm and gained little 
headway throughout the season, even on the undusted check plots. 
The yield data from these plots showed no significant increase over 
check. In the absence of leafspot, it is indicated that there was no 
stimulation of sugar yield due to applications of copper compounds. 
However, in the Blissfield area, leafspot was abundant in many fields 
in mid-July and also was well distributed as a very light infection in 
all the randomized plots at this time. The first application of dust 
was made July 25 with a tractor-drawn 4-row duster. Subsequent 
applications were made August 6 and 22 and September 9, using 40 
pounds of dust in all applications. The plots were harvested October 
1 and 2. 
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Table 1—Results of strip-dusting trials 1941. 


Recoverable 

Beets Per Per sugar; 
tons per centage centage pounds 

acre sucrose purity per acre 


Material 


Bordow (F132) 
Pyrax 
Conditioner 





Check 15.7 





Gain 0.6 


Difference required for significance 0.45 


Cuprocide 6 Ib. 
Pyrax 84 Ib. 
Wheat flour 10 Ib. 
Check 
Gain 
Difference required for significance 
Tribasic copper sulfate 14 Ib. 
Eastern Magnesia 

Number 23 talc 71 Ib. 
Bentonite 15 Ib. 
Check 
Gain 
Difference required for significance 
Monohydrate copper sulfate 20 Ib. 
Hydrated lime 60 Ib. 
Pyrax 20 Ib. 


Check 





Gain 





*Difference required for significance 


*Difference required for significance at 5-percent level. 


Early application of the dust materials was prevented by fre- 
quent rains which made it impossible to get the dusting machine and 
tractor into the field. These conditions also prevailed at various 
times during the season, so that dust applications could not be made 
with the timeliness that disease conditions demanded. In spite of 
these severe conditions, however, 3 materials gave increases in yield 
of recoverable sugar, significant at the 5-percent level. These ‘data 
from the Blissfield plots are shown in table 2. 
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Table 2.—Results of randomized replicated plot tests of copper materials in combi- 


nation with various fillers, Blissfield district, Michigan, 1941. 





Beets— Per- Per- Recoverable 
tons centage centage sugar, Ib. 
Material per acre sucrose purity per acre 





Tribasic copper sulfate 
Eastern magnesia tale No. 23 7 5.32 14.06 
Bentonite 


78.60 3514 





Tribasic copper sulfate 
Pyrax 73 Ib. 
Bentonite 15 Ib. 





Tribasic copper sulfate 2 Ib. 
Loomkill tale 73 Ib. 
Bentonite 5 Ib. 

Ib. 
Hydrated lime Ib. 
Loomkill tale ) Ib. 





Mono. copper sulfate 20 Ib. 
Hydrated lime Ww Ib. 
Pyrax 20 Ib. 


Mono. copper sulfate 20 Ib. 
Hydrated lime 60 Ib. 


Eastern magnesia tale No. 22 Ib. 





Mono. copper sulfate § Ib. 
Hydrated lime Ib. 








Copper oxychloride sulfate Ib. 
Eastern magnesia tale No. 23 
Bentonite 





Cuprocide . (Red y _ 
Pyrax 
Wheat flour 





Bordow F48 
Pyrax 
Conditioner 





Bordow F48__ 
Loomkill tale 84. . 15.01 78.35 
Conditioner 


Bordow F438 
Eastern magnesia tale No. 23 84.5 Ib. 
Conditioner 





Not dusted check : . 13.56 





*Difference for significance 9 1.00 





*Difference required for significance at 5-percent level. 
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Many of the sugar-beet growers are already equipped with 
power-spraying machinery used in growing potatoes or tomatoes. 
With good equipment on hand, these growers have asked whether or 
not sugar-beet leafspot could be controlled by spraying instead of 
dusting. Two trials were conducted, but in one field leafspot was 
practically absent because of severe drought conditions during July 
and August. In the second field, Arenac County, bordeaux mixture 
8-4-100 and tribasic copper sulfate-lime 4-4-100 were used. The re- 
sults show that both materials gave significant increases in yield of 
gross sugar. The difference in yield between the piots sprayed with 
bordeaux mixture and tribasic copper sulfate was not significant. 
These data are shown in table 3. 


Table 3.—Summary of results of spraying commercial variety sugar beets with bor- 
deaux mixture, 8-4-100, and tribasiec copper sulfate—lime, 4-4-100. 


Beets— Percentage of Gross yield Gain over 
Spray material tons per acre sucrose sugar per acre check 


Bordeaux mixture 8-4-100 16.18 15.01 4858.8 


828.5 
Difference required for 

significance 205.0 
Tribasic copper sulfate— 


lime 4-4-100 4897.1 


*Difference required for 
significance 





Check unsprayed 7 13.08 15.00 4030.3 . 





*Difference required for significance at 5-percent level. 


Summary of 1941 Results 


In state-wide field-strip trials, plots dusted with bordow F-132, 
euprocide 6-84-10, tribasie copper sulfate-tale-bentonite 14-71-15, and 
monohydrate copper sulfate-lime-pyrax 20-60-20 gave significant in- 
creases in yield of recoverable sugar per acre, in comparison with the 
undusted plots. There were no significant differences between mean 
yields of plots treated with the first 3 dusts. 


In randomized replicated plots in the Blissfield, Michigan, dis- 
trict, those receiving applications of monohydrate copper sulfate-lime- 
pyrax 20-60-20, monohydrate copper sulfate-lime-eastern magnesia 
tale 20-60-20. and tribasic-eastern magnesia tale-bentonite 12-73-15 
gave yields of recoverable sugar significantly above those of the un- 
dusted plots. 


Spraying sugar beets with bordeaux mixture 8-4-100 and tribasic 
copper sulfate-lime 4-4-100 gave sugar-per-acre yields significantly 
above those of the unsprayed plots. There was no significant differ- 
ence between sugar yields of the spray treatments. 





The Effect of Preceding Crops on the 
Amount of Seedling Diseases of 
Sugar Beets’ 


M. M. AFANAsIEv, H. E. Morris, anp W. 'E. CARLSON2 
Abstract 


Field and greenhouse investigations were conducted to study the 
effect of continuous faliow and of: Oats, corn, beans, potatoes, beets, 
and alfalfa on the development of seedling diseases of sugar beets. 


Briefly stated, the soil used was from a field cropped for 3 years 
with alfalfa. Beets were planted in this soil in the greenhouse to 
test its disease potentialities. They were harvested when the third 
pair of leaves were developed. The various crops mentioned above 
were then planted in this soil and harvested in approximately 3 
months, after which the soil was again reseeded to beets. 


Readings of healthy and diseased beet seedlings were made at 
frequent intervals during their growth. In each experiment the soil 
was analyzed 4 times to determine if the growing of different crops 


produced any changes in the soil micro-organisms which could have 
any effect on the occurrence of sugar-beet seedling diseases. 


The first planting of sugar beets had very high and uniform 
amounts of diseased seedlings (86.0 to 96.0 percent) in both years. 
The amount of seedling diseases in the second planting of beets, al- 
though varying slightly both years, showed the same trend after each 
of the crops. 


On an average for 2 years, the lowest amount of beet-seedling dis- 
eases (23.6 percent) occurred when beets were planted after corn and 
the highest (87.8 percent) in the check. Seedling diseases of beets oc- 
curred in increasing amounts when they were planted after corn, po- 
tatoes, oats, alfalfa, beans, beets, and the check, respectively. The 
changes in the number and kind of soil micro-organisms, due to grow- 
ing of different crops, did not show significant quantitative variation 
in the main groups of the soil micro-organisms, viz, bacteria, fungi, 
and actinomyces. It is possible, however, that a greater change oc- 
eurred in the qualitative composition of the groups of soil microflora 
than in the total population ; this was not determined. 


‘Contribution from Montana State College, Agricultural Experiment Station. Pa- 
per No. 162, Journal Series. 
*Montana Agricultural Experiment Station, Bozeman, Montana. 
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The effect of preceding crops on the amount of beet-seedling dis- 
eases was also studied under field conditions. Potatoes, beans, beets, 
and alfalfa had been grown for 5 years on four 4-aecre plots with a 
uniform soil. In 1941 sugar beets were planted on all these plots to 
study the effect of these preceding crops. Seedling diseases of beets 
were the lowest (11.1 percent) following potatoes and the highest 
following beets (74.2 percent) and alfalfa (61.2 percent). Beets 
planted after beans had an intermediate amount of diseases (27.7 per- 
cent). Two hundred and fifty sugar-beet seedlings grown on each 
of these plots were analyzed for nitrogen (N) and phosphorus (P,0;). 
The amounts of nitrogen and P,Q; in the beets gradually decreased 
as the amount of beet-seedling diseases increased. The highest amounts 
of nitrogen and P.O; were found in the beet crop which grew on the 
potato plot and the lowest amounts on the beet plot. 





Black Root Diseases of Sugar Beet in 1941' 


G. H. Coons, J. E. Korinta, aNnp H. W. BocKsTAHLER? 


Experiments on the control of seedling diseases of sugar beet 
were conducted in 1941 at Beltsville, Maryland; East Lansing, Michi- 
gan; and Holgate, Ohio. The test at Beltsville was planted late and 
disease incidence was minor; at East Lansing, a seed-treatment test 
was planted early, but the field experienced severe flooding and need- 
ed to be replanted. Loss of seedlings from damping-off in the second 
planting was considerable. At Holgate, dry weather during the first 
weeks of growth made seedling diseases less serious than usual, so that 
all treatments and the check plots had acceptable stands. 


In the seed-treatment experiment at Beltsville, significant differ- 
ences among various treatments and the untreated were not found. 
At East Lansing, seed treatments involving commonly used mereury 
and copper disinfectants were significantly better than the check with 
respect to initial stands, but enough plants still could be saved at 
thinning time so that the untreated plots gave acre-yields of roots not 
significantly below those from plots in which the seed used was 
treated. 


‘Investigations conducted in cooperation with Michigan and Ohio Agricultural 
Experiment Stations. 

*Division of Sugar Plant Investigations, Bureau of Plant Industry, U. S. De- 
partment of Agriculture. 
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In a erop-sequence experiment at Holgate (table 1), in which 
sugar beets followed sweet clover, soybeans, or corn, the stands fol- 
lowing a previous crop of soybeans or of corn were significantly bet- 
ter than those obtained when sugar beets followed sweet clover. The 
stand in the last-named sequence, however, was adequate to give a 
reasonably full coverage of the plots. No significant differences in 
acre-yields of indicated-available sugar were found in favor of any 
particular sequence in this test. Acre-yields of roots when sugar beets 
followed sweet clover or soybeans were better than for sugar beets 
following corn, but the quality of the roots in the last-named sequence 
was enough better io compensate for the reduced root yields. The 
experiment demonstrated again the sanitative effect of a preceding 
corn crop in repressing pathogenic organisms which attack young 
sugar-beet plants, but emphasized that fertility conditions, especially 
the nitrogen factor, must also be taken into consideration if root 
yields are to be maintained. 


Table 1—Results obtained with sugar beets in the crop-sequence experiment at 
Northwestern Experimental Farm, Holgate, Ohio.* (In 1940, sweet clover, 
corn and soybeans were grown in a series of replicated plots, each @ by 65 
feet. Plot arrangement in the experiment was a 3 by 4 randomized block. In 
1941, sugar beets were grown on all plots. Light application of manure was 
given in the fall of 1940; prior to planting sugar beets, 100 pounds of am- 
monium sulfate per acre were broadcast in the spring of 1941.) 





Acre- yield 
cin tiieataeemasiiaame ideale Number of 
Indicated- Apparent sugar 
Previous crop available purity beets 
(All growth turned under) Sugar Roots Sucrose coefficient per plot 


pounds tons percentage 
Sweet clover : .. 3851 15.67 14.81 82.83 1298 
Corn i a 3393 12.58 15.80 85.46 1615 
Soybeans 14.92 15.71 83.94 1562 
General mean . = wwe 3425 15.44 84.08 
Difference required for 
significance—Odds 19:1 N.S. J 31 87 





*Results given as 4-plot averages. 








Beet Leafhopper Populations In Southern 
Idaho and Northern Utah During the 
Seasons of 1940 and 1941’ 


J. R. Dovetass, H. E. Dorst, ann W. E. Peay? * 


In 1940 eurly-top-resistant varieties of sugar beets grown in some 
areas of northern Utah suffered severe damage from curly-top dis- 
eases transmitted by the beet leafhopper, Eutettir tenellus (Bak.). 
Then during the 1941 season, severe injury to curly-top-resistant va- 
rieties occurred in the Jerome and Buhl-Castleford areas of southern 
Idaho. Although the damage was local in extent, it dealt hard blows 
to farmers in affected areas. These growers seriously questioned the 
degree of curly-top resistance of the varieties planted. 

Information in the files of this bureau shows that the magnitude 
and time of spring movement of the leafhoppers into beet fields are 
important factors in determining the extent of curly-top epidemices, 
since small sugar-beet plants are more susceptible to injury by the 
eurly-top disease transmitted by the leafhopper than are the larger 
plants. Large populations of the summer generation which enter 
the beet fields later in the season are relatively unimportant in caus- 
ing damage by curly top, since the older plants, especially those of the 


eurly-top-resistant varieties, are more resistant to the disease. With 
this thought in mind we shall confine our discussion to the important 
spring populations. 


Life History of the Beet Leafhopper 

In southern Idaho and northern Utah the beet leafhopper passes 
through the winter in the adult stage. Females are fertilized in the 
fall and live until spring; males die during the winter. Egg laying 
normally begins in March, and adults of the first or spring genera- 
tion appear in May or June. The second or summer generation ap- 
pears during July and early August, and the third or overwintering 
generation in September or October. There is considerable overlap- 
ping of generations, especially during the summer and early fall. 
This insect requires a sequence of host plants for its development, 
which has been discussed before.‘ 


'The work in Idaho was carried on in cooperation with the Bureau of Plant In- 
dustry, U. S. Department of Agriculture, the Idaho Agricultural Experiment Station 
and the Leafhopper Control Administration, State of Idaho, and in Utah in coopera- 
tion with the Utah Agricultural Experiment Station. 

2U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine. 

%H. C. Hallork, R. N. Hofmaster, D. E. Fox, H. C. Bemion, A. L. Burroughs, and 
E. R. Janes assisted in obtaining the field notes. 

*‘Piemeisel, R. L., and Chamberlin, J. C., Land-Improvement Measures in Rela- 
tion to a Possible Control of the Beet Leafhopper and Curly Top. U. 8S. Dept. Agr. 
Cir. 416, 24 pp., illus. 1936. 
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Figure 1.—Monthly mean temperatures and precipitation with the normal for 
Twin Falls, Idaho, and Corinne, Utah, for the seasons of 1940 and 1941. 


Climatological Conditions 


The climatological data presented in figure 1 for January to 
September, inclusive, show that monthly mean temperatures for the 
season of 1940 in both the Idaho and Utah areas were slightly greater 
than in 1941, although both seasons were above normal in tempera- 
ture. The total precipitation recorded at Twin Falls, Idaho, for the 
2-year period was 10.01 and 7.34 inches for 1940 and 1941, respec- 
tively. At Corinne, Utah, the total precipitation for the period was 
10.08 and 17.54 inches for 1940 and 1941. During the 1940 season, 
at both stations, January, February, and September were the only 
months with excessive precipitation, whereas in 1941 all the months 
except August and September showed excessive moisture. 


Varieties Planted 


In the affected area of southern Idaho the curly-top-resistant va- 
rieties U. 8. 12, U. S. 22, A-635, and A-735 were planted in practically 
the same general localities both years, except that in 1941, U. S. 22 
was used more extensively than U. 8. 12. 


In northern Utah the varieties used were U. S. 12, U. S. 22, U. S. 
33, and A-735. These varieties were planted in the same general lo- 
ealities both years, except that in 1941, U. S. 33 and A-735 were 
largely replaced by U. S. 22 and U. S. 12, respectively. 
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Figure 2.—Dates of planting and thinning sugar beets for southern Idaho and 
northern Utah for the seasons of 1940 and 1941. 


Dates of Planting and Thinning 

The data on time of planting and thinning sugar beets for the 
Idaho and Utah areas are given in figure 2.5 This figure shows that 
planting in the Idaho area for the 2 years started the last half of 
March, reached its peak about the middle of April, and ended about 
the middle of May. Thinning started the first week of May, reached 
its peak during the fourth week of May, and was completed during 
the last 10 days of June. 

In Utah the planting began the latter part of March in both 
years. The peak of planting was reached during the week ending 
April 20 in 1940 and the week ending April 26 in 1941. It was com- 
pleted during the latter part of May in 1940 and in the first part 
of June in 1941. Thinning started during the latter part of April 
in 1940 and in the middle of May in 1941. The peak was reached 
during the last of May in 1940 and in the first week of June in 1941. 
It was completed during the third week of June in 1940 and in the 
last of July in 1941. 

Spring Migration 

With the maturity of the spring generation, which develops on 
wild host plants in the breeding areas, the adults disperse to the sum- 
mer hosts, and the progress of this movement coincides with the 
maturation of the insect. 


*These data were furnished by The Amalgamated Sugar Company and the Utah- 
Idaho Sugar Company. 
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Idaho.—In order to determine the time and magnitude of the 
spring-generation movement into the cultivated area, beet fields on 
the western edge of the irrigated tract near Buhl and Castleford, 
Idaho, were selected for this study. The population counts of adults 
were made by means of the Hills square-foot sampler. Before the 
beets were thinned a total of 100 square-foot samples, taken at ran- 
dom, were examined in the rows of beets in each field, and after thin- 
ning, a total of 100 beets or a fraction thereof, depending upon the 
density of the leafhopper population, were sampled in each field. 
Each of these beets was included in a square-foot sample, correspond- 
ing to the square-foot samples taken in the beet rows before thinning. 


Figure 3 shows that in 1940 there were a few beet leafhoppers in 
the fields when the first samples were taken on May 2. These were 
females that had overwintered in the cultivated areas and had moved 
into the sugar-beet fields soon after the plants appeared above ground. 
The migration of the spring generation into the beet fields started on 
May 20, and the peak of this movement was reached on June 17, when 
an average of 1,090 beet leafhoppers per 100 square-foot samples was 
recorded. A period of 28 days was required for the movement to 
reach its peak. 


In 1941 the population counts were repeated in the Buhl and 
Castleford, Idaho, districts, using the same methods as in 1940. A 
few overwintered females were noted in the beet fields before the ini- 
tial spring movement began. The spring migration started on May 
12, which is the earliest "movement of the spring generation into the 
cultivated area since 1934. Following the initial spring movement 
there was a gradual increase in the rate of migration until May 23, 
when on an average 734 leafhoppers per 100 square-foot samples were 
recorded, as shown in figure 4. The population decreased during a 
period of rainy weather from May 25 to June 3. No precipitation 
occurred on June 4 and 5, and a slight increase in number of leaf- 
hoppers was recorded on June 6. Further precipitation occurred on 
June 6, 7, and 8, and the population again was reduced on June 9. 
This rainy period evidently resulted in some mortality of leafhoppers 
in beet fields and was distinctly unfavorable for movement of the 
insects from breeding grounds into the cultivated area. During this 
period an accumulation of adult leafhoppers was noted on spring 
hosts in the breeding grounds. Immediately following the period of 
inclement weather, the population increased from 560 on June 9 to 
1,206 on June 11 and 1,496 per 100 square-foot samples on June 13, 
when the peak was reached. A period of 32 days was required for 
the movement to reach its peak. 


*Hills, O. A., 1933. A New Method for Collecting Samples of Insect Populations. 
Jour. Econ. Ent. 26: 906-910, illus. 
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Figure 3.—Average number of beet leafhoppers per 100 square-foot samples. 
Arrow points to the date the initial spring-generation leafhoppers appeared in beet 
fields. Buhl and Castleford, Idaho. 1940. 


The movement of the spring generation into beet fields of south- 
ern Idaho in 1940 and 1941, in comparison with the average move- 
ment for the past 7 years, is presented in figure 5. This shows that 
the 1940 movement was earlier than the average and that the magni- 
tude was slightly lower. A glance at the figure will show that the 
movement in 1941 was early and the rate was very fast until May 23, 
when unfavorable weather conditions, as pointed out above, delayed 
the migration until June 9. A comparison of the populations will 
show that in 1941 there was an average infestation of 734 leafhoppers, 
per 100 samples, over 17 days earlier than in 1940 and 21 days earlier 
than the average. 





PROCEEDINGS—THIRD GENERAL MEETING 


i94| 


(NO 
B OG 
°o °o 
So ° 


o 
° 
° 


100 SAMPLES 


TEMPERATURE (°F) 


ax 
WwW 
a 
”) 
fp 
a 
° 
Ps 
w 
< 
ul 
ws 


PRECIPITATION 


0 18 20 28 10 1S 20 
MAY JUNE 


Figure 4.—Average number of beet leafhoppers per 100 square-foot samples. 
Arrow points to the date the initial spring-generation leafhoppers appeared in beet 
fields. Buhl and Castleford, Idaho, 1941, 


Utah.—The spring migrations of beet leafhoppers in northern 
Utah come from two main sources. These are the long-distance and 
local migrations, each being independent of the other. The long- 
distance migrants come from Arizona, southern Utah, and Nevada. 
The local migrants come from breeding areas principally around Utah 
Lake and the Great Salt Lake. 


Figure 6 shows the populations of long-distance migrants present 
in beet fields about the time the peak of the migration was reached 
in 1940 and 1941 from Cache Valley, in the north, to Elsinore, 
Utah, in the south. This shows a much higher population in southern 
than in northern Utah, an indication that the movement comes from 
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Figure 5.—‘omparison of the average number of beet leafhoppers, per 100 square- 
foot samples, in southern Idaho for 10 and 1941 with the average for 1935-41. Ar- 
rows point to the dates the initial spring-generation leafhoppers appeared in the 
beet fields. 
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the south. The cardinal factors governing the production and matura- 
tion of the beet leafhopper are temperature, moisture, and host-plant 
conditions. Since the long-distance migrants come from sections hav- 
ing higher temperatures than the local areas, these leafhoppers move 
into beet fields of northern Utah before the maturation of the local 
insects. In 1940 long-distance migrants first were collected in beet 
fields on April 23 and increased in number until reaching a peak 
about May 15. At this time on an average 136 beet leafhoppers, per 
100 square-foot samples, were present. The first evidence of the local 
migration into beet fields was between May 17 and 20, a peak being 








PROCEEDINGS—THIRD GENERAL MEETING 


x 
LJ 
oO 
~) 
oa 
uJ 
a 
a 
Oo 
ps 
Lu 
< 
uJ 
ool 


“ 


CACHE GARLAND OGDEN PROVO SALINA ELSINORE 


SALT 
VALLEY LAKE 


Figure 6.—Average number of long-distance migrant beet leafhoppers per 100 
square-foot samples for 1940 and 1941 from Cache Valley, in the north, to Elsinore, 
Utah, in the south. 


reached about June 10. The long-distance migration started on May 
11 or 12 in 1941 and gradually increased and merged with the local 
migration which started about May 25. At that time there was an 
average of 14 beet leafhoppers, per 100 square-foot samples, as com- 
pared to 136 in 1940. The local migration in 1941 reached a peak 
about June 12. 





AMERICAN Society SuGAr-Beet TECHNOLOGISTS 


Usually the progeny of migrants from more distant sources are 
maturing to the adult form in the beet fields before the movement of 
adults from local areas reaches its peak, and it is therefore necessary 
to adopt artificial methods to isolate the local from the long-distance 
populations in order to determine the magnitude of the former. To 
accomplish this objective and also to determine the percentage of 
leafhoppers carrying the virus, a series of small plots was planted 
in 1940 and 1941 along the edge of Great Salt Lake from Bear River 
City south to Kaysville. These plots were covered with cheesecloth 
until the local migrations started, in order to exclude the long-dis- 
tance migrants and prevent their breeding in the plots. An average 
of 93 and 2 beet leafhoppers, per 100 square-foot samples, was collect- 
ed from these plants in 1940 and 1941, respectively. 


Percentage of Viruliferous Leafhoppers 

In order to determine the percentage of viruliferous beet leaf- 
hoppers and the virulence of the curly-top virus in spring-generation 
leafhoppers, tests were conducted in cooperation with the Bureau of 
Plant Industry in Idaho and independently in Utah with leafhop- 
pers from the desert-breeding areas and from beet fields. The re- 
sults of the Idaho tests showed that an average of 35.8 and 61.1 per- 
cent of the spring-generation insects were viruliferous for the years 
of 1940 and 1941, respectively. Utah tests showed that 77.3 and 33.3 


percent of the spring generation were viruliferous for 1940 and 1941. 


Curly-Top Infection 

During the middle of the seasons in 1940 and 1941 representative 
sugar-beet fields in the affected areas of Idaho and Utah were ex- 
amined for curly-top infection, as an indication of comparative beet- 
leafhopper infestations and the resulting curly-top disease produced. 
No study was made by bureau representatives of the seasonal devel- 
opment of curly top. In each field included in this survey a total of 
500 beet plants taken at random were examined and the grade of 
disease severity recorded according to Giddings’ system.’ 

The results of the surveys show that in the affected area of 
Idaho, 88.4 percent of the beets were infected in 1940 and 99.9 per- 
cent in 1941. A comparison of the infected plants showing grades of 
severity, which is an excellent criterion of the severity of the curly- 
top epidemic, shows that 9.5 as compared with 52 percent were in 
grades 3, 4, and 5 for 1940 and 1941, respectively. Grades 3, 4, and 5 
show increased dwarfing with an increase in grade. 

Curly-top surveys of the beet areas in northern Utah showed 
that an average of 62 percent of the beets were diseased in 1940. In 
some areas as high as 90 percent of the plants, on an average, were 


"Giddings, N. J. 1938. Studies of Selected Strains of Curly-Top Virus. Jour. 
Agr. Res. 56: 883-894, illus. 
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Figure 7.—Curly-top injury to sugar beets, northern Utah, 10. Photographed 
August 24, 1940, a few days after weeding. 














Figure 8.—Curly-top injury to sugar beets, southern Idaho, 1941. Photographed 
August 4, 1941. 
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infected by ecurly-top disease, and many individual fields showed 
practically 100-percent infection. A large percentage of the diseased 
beets was in grades 3, 4, and 5. Since the survey was made after the 
more severely affected fields were abandoned and plowed out, the 
average percentage undoubtedly is under-estimated. An average of 
12.3 percent of the beets in northern Utah was diseased in 1941, 0.4 
percent of these being in grades 3, 4, and 5. 

Since there is a tendency to forget the severity of infection from 
one curly-top epidemic to another, figure 7 is presented to recall the 
1940 outbreak in northern Utah and figure 8 to visualize the 1941 
eurly-top situation in southern Idaho. 

Sugar-Beet Yields 

The average yield of sugar beets® in the affected area of south- 
ern Idaho (Castleford, Cedar, Gooding, Jerome, Richfield, Shoshone, 
and Wendell) in 1940 was 16.82 tons per acre compared with 8.97 
tons in 1941, or a difference of 7.85 tons per acre (fig. 9). In the 
northern Utah area the average yields for Cache Valley, Garland, 
Ogden, Salt Lake and Spanish Fork were 10.60 and 14.82 tons per 
acre for 1940 and 1941, respectively, or a difference of 4.22 tons. 

YIELD OF BEETS 


IDAHO UTAH 


TONS PER ACRE TONS PER ACRE 
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Figure 9.—Comparative average yields of sugar beets per acre in the affected 
curly-top area of southern Idaho and northern Utah for 1940 and 1941. 


Discussion 

In the interpretations of the data and conditions presented in 
this discussion one finds that the spring seasons of 1940 and 1941 
were above normal in temperature for southern Idaho and northern 
Utah. In 1941 a total of 9.09 inches of precipitation fell at Corinne, 
Utah, during April and May. These 2 months are the critical period 
in the development of the spring-generation leafhoppers. Excessive 
precipitation occurring as it did created such unfavorable physical 
and environmental conditions in northern Utah that the leafhopper 
populations were reduced far below the expectancy. 


*These data were furnished by The Amalgamated Sugar Company and the Utah- 
Idaho Sugar Company. 
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On the west end of the cultivated areas of southern Idaho, which 
normally receives a heavy infestation of beet leafhoppers, improved 
eurly-top-resistant sugar-beet varieties were planted in 1940 and 1941. 
These varieties were damaged severely by the curly-top exposure in 
1941, especially on fields of low soil fertility and those not receiving 
proper cultural care. Following the severe curly-top epidemic in 
Utah in 1940, varieties not extremely resistant to the disease were re- 
placed in certain areas by superior improved curly-top-resistant 
varieties in 1941. 

The planting and thinning dates for the 2 seasons were prac- 
tically the same in Idaho but were 6 days later in Utah in 1941 than 
in 1940. 

After a glance at figure 5 one wonders why southern Idaho did 
not have a serious curly-top epidemic in 1940. A survey of the af- 
fected area did show that 88.4 percent of the beets were infected, but 
only 9.5 percent showed severe curly-top symptoms. A non-resistant 
variety, R. and G. Old Type, planted April 10 by the Bureau of Plant 
Industry® in their trial plots north of Buhl, Idaho, showed 100 per- 
cent severe curly-top symptoms and yielded 6.63 tons per acre as 
compared with 29.39 tons for Improved U. 8S. 22, a highly resistant 
eurly-top variety. R. and G. Old Type was completely destroyed by 
curly top in a similar test, but planted at the extremely late date of 
June 6, while the highly resistant variety Improved U. 8. 22 yielded 
11.58 tons per acre. 

A glance at figure 3 will show that these beets were probably in 
the seedling stage, or the period of greatest susceptibility, when the 
peak of the movement was reached on June 17. A study of figures 
2 and 5 shows that in 1940 the spring migration did not start until 
May 20, when approximately 27.0 percent of the beets were thinned. 
A magnitude of 700 beet leafhoppers, per 100 square-foot samples, 
was not reached until after June 10 when thinning was practically 
completed. By this time the improved curly-top-resistant varieties 
had acquired sufficient resistance to withstand a population of ap- 
proximately 11 leafhoppers per beet on June 17. It must also be re- 
membered that only 35.8 percent of those leafhoppers were virulifer- 
ous. 

The initial spring movement of leafhoppers into the cultivated 
area of southern Idaho in 1941 occurred on May 12. This was 8 days 
ahead of the 1940 migration and 15 days earlier than the average. 
The 1941 movement started when approximately 7.0 percent of the 
beets were thinned and reached a magnitude of 734 leafhoppers, per 
100 square-foot samples, on May 23, when thinning was at its peak. 
Of these incoming insects 61.1 percent. were viruliferous. The time 
of the initial migration is not so important as the magnitude and rate, 


SUnpublished data by Albert M. Murphy, Bureau of Plant Industry. 
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especially if larger numbers enter the fields early. The spring migra- 
tion of large numbers in 1941 was over 17 days earlier than in 1940. 
Although inclement weather delayed the spring migration for about 
17 days during the movement, the peak was reached 4 days earlier 
than in 1940, and 6 days ahead of the average peak. This early mi- 
gration, coming as it did when the beets were at the most suspectible 
stage, was one of the major factors in creating the curly-top epidemic 
in Idaho during 1941. It is evident that, if weather conditions in 
Idaho in 1941 had not interfered with the spring migration, the peak 
of movement would have been much earlier and the curly-top epi- 
demic evidently would have been much more serious. 

In northern Utah the planting, thinning, and spring migration 
of beet leafhoppers occurred earlier in 1940 than in 1941. Even 
though the relative time elapsing between migration and thinning 
was approximately the same for both years, the magnitude of the 
beet-leafhopper population was much larger in 1940 than in 1941. 
The magnitude of the long-distance movement was 9.7 times larger 
in 1940 than in 1941. Owing to overlapping of the local and long- 
distance migrations, it is diffieult to determine the exact size of the 
local movement. Records show, however, that the local movement was 
much larger in 1940 than in 1941. Thus, the magnitude of the migra- 
tion in 1940 was more responsible for the outbreak in northern Utah 
than the time of its occurrence. In this section 44 percent more leaf- 
hoppers carried the virus in 1940 than in 1941. The percentage of 
leafhoppers carrying curly-top virus is evidently a factor in creating 
eurly-top epidemics, especially since curly-top-resistant varieties ac- 
quire far more resistance as they advance in age than do the curly- 
top-susceptible varieties. 

Records from the Twin Falls, Idaho, and Logan, Utah, labora- 
tories show that the spring-breeding areas contributing beet leafhop- 
pers to southern Idaho and northern Utah are entirely separate and 
independent of each other. 

In southern Idaho the ecurly-top infection records showing the 
grade of severity disclose that 9.5 percent of the diseased beets were 
in grade 3 or higher during 1940 as compared with 52 percent in 
grade 3 or better during 1941. This indicates the severity of the 
curly-top epidemic in southern Idaho during 1941 as compared with 
the 1940 record. 

The average beet yields in the affected area of southern Idaho 
for 1940 and 1941 were 16.82 and 8.97 tons per acre, respectively, or 
a difference of 7.85 tons per acre. The high yields produced in 
southern Idaho in 1940 evidently were influenced by late-season 
weather conditions. Above-normal temperature combined with ex- 
cessive precipitation in September occurred at both Twin Falls, 
Idaho, and Corinne, Utah, during this year, while delayed killing 
frost prolonged the growing season until October 4 in both areas. In 
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southern Idaho during 1940 the curly-top infected plants were able 
to take advantage of this favorable growing weather and produce the 
highest average tonnage on record, but in the northern Utah area the 
intermediate curly-top-resistant variety was so severely damaged by 
eurly top that it was unable to recover when more favorable growing 
conditions occurred. In northern Utah the average yield was about 
40 percent higher in 1941 than in 1940. 


Summary and Conclusions 

Information presented in this paper shows that the seasonal 
temperatures for both southern Idaho and northern Utah were above 
normal for 1940 and 1941. 

Excessive precipitation occurring in northern Utah in 1941 at 
the critical period in the development of the spring-generation leaf- 
hoppers reduced the populations of these insects below the level that 
was expected. 

Curly-top-resistant varieties were planted extensively in southern 
Idaho and northern Utah in 1940 and in 1941. 

There was little difference in the planting and thinning dates 
for the 2 seasons in the southern Idaho area, but the peaks of plant- 
ing and thinning in the northern Utah area were about 6 days later 
in 1941 than in 1940. 

In southern Idaho in 1940 the migration of the spring genera- 
tion into the beet fields started on May 20, reaching the peak on June 
17, when an average of 1,090 beet leafhoppers, per 100 square-foot 
samples, was recorded. In 1941 the initial spring movement occurred 
on May 12, reaching the peak on June 13, when an average of 1,496 
leafhoppers was recorded in 100 square-foot samples. 

In northern Utah the long-distance spring migration was 9.7 
times larger in 1940 than in 1941. The local migration was also many 
times larger in 1940. These migrations occurred 19 and 10 days, 
respectively, earlier in 1940 than in 1941. 

There were 25.3 percent more of viruliferous spring-generation 
leafhoppers in southern Idaho in 1941 than in the preceding year, 
whereas in northern Utah, 44.0 percent more of leafhoppers were 
carrying the virus in 1940 than in 1941. 

In 1940 and 1941 a serious curly-top epidemic occurred in north- 
ern Utah and southern Idaho, respectively. 

With improved curly-top-resistant varieties of sugar beets, seri- 
ous epidemics of curly top are dependent upon several contributing 
factors: (1) Magnitude of the movement of spring-generation leaf- 
hoppers, (2) time of their movement into the beet fields, (3) per- 
centage of leafhoppers carrying curly-top virus, (4) size and condi- 
tion of beets at the time of infection, and (5) weather conditions. 

A serious curly-top epidemic one season is no criterion that it 
will be followed by another epidemic during the succeeding season. 





Age of Plants as a Factor in Resistance to 
Curly Top of Sugar Beets 


N. J. Gipprncos! 


Early planting of sugar beets has long been recognized as an im- 
portant factor in avoiding excessive injury from curly Sop in regions 
where that disease is prevalent’, *, *. With the development of curly- 
top resistant varieties early planting was assumed to be less urgent. 
Both experiments and field experience have indicated that this as- 
sumption was usually valid, but occasionally, when heavy leafhopper 
infestation occurred while the plants were quite young, there was 
evidence of serious injury to resistant as well as to susceptible va- 
rieties. It therefore seemed desirable to conduct further investiga- 
tions along that line. The data included in this paper were secured 
at Riverside, California, during 1939 and 1941. 

1939 Experiments 

The highly resistant variety U. S. 22 and the susceptible variety 
R. and G. Old Type were used. Plantings were made on January 20, 
February 20, and March 21. For each date of planting there were 
4 rows planted alternately with U. S. 22 and Old Type, so that any 2 
adjacent rows were different varieties. The rows were approximately 
180 feet long, and each row was divided into six 25-foot plots with 
a space of approximately 5 feet between plots in the row. The plants 
were inoculated April 17, about 3 weeks after the emergence of the 
March planting. Every alternate plot was inoculated, and adjacent 
plots in the same row were held as uninoculated checks. 


Inoculation was accomplished by placing 2 of the small leaf 
eages,° each containing 2 viruliferous beet leafhoppers, on young 
leaves of each plant. The virus used consisted of a mixture of the 
more virulent strains of curly top. There was some natural infesta- 
tion of beet leafhoppers in the field, and a very few of those used for 
inoculation doubtless eseaped. Any diseased plants in the uninocu- 
lated check plots are considered as due to natural infestation by viru- 
liferous leafhoppers. 


1Senior Pathologist, Division of Sugar Plant Investigations, Bureau of Plant In- 
dustry, United States Department of Agriculture. 

*Carsner, Eubanks and C. F. Stahl. Studies on Curly-Top Disease of the Sugar 
Beet. Jour Agr. Res. 28: 313-314. 1924. 

*Skuderna, A. W., C. E. Cormany, and L. A. Hurst. Effects of Time of Planting 
and of Fertilizer Mixtures on the Curly-Top Resistant Sugar-beet Variety U. S. No. 
1 in Idaho. U. S. Dept. Agr. Cire. 273. 1933. 

‘Wallace, J. M., and Albert M. Murphy. Studies on the Epidemiology of Curly 
Top in Southern Idaho with Special Reference to Sugar Beets and Weed Hosts of 
the Vector, Eutettix tenellus. U. 8S. Dept. Agr. Tech. Bul. 624. 1938. 

5Giddings, N. J. A Small Cage for Insect Vectors Used in Plant Inoculations. 
Phytopath. 29: 649-650. 1939. 
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Notes usually were taken by checking each plant for symptoms 
without making a close examination of all leaves for very slight symp- 
toms. The plots were kept under observation for 2 months after 
inoculation. The data from the inoculated plots are presented in 
graphic form by figure 1, and those from the uninoculated check plots 
by figure 2. Table 1 gives the summarized data for both inoculated 
and uninoculated plots. 


In both the inoculated and the uninoculated plots of Old Type 
the January planting showed a higher degree of curly-top resistance 
than the February planting, and the latter was far more resistant 
than the March planting. No planting of the Old Type variety 
showed significant evidence of ability to outgrow obvious curly-top 
injury within 2 months after inoculation. In the inoculated plots of 
U. S. 22 the January planting showed less curly-top injury than the 
February planting, and both of these were much more resistant than 
the March planting. The uninoculated plots of U. 8. 22 showed very 
little disease and no difference in amount between the January and 
the February plantings, but they were both far more resistant than 


the March planting. 


Table 1—Incidence of obvious curly-top symptoms as related to age of sugar-beet 
plants in a resistant and in a susceptible variety, 1939 experiment, Riverside, 
California.* 








—_ U. S. 22 Old Type 
Reading January February March January February March 
date planting planting planting planting planting planting 





Percentage Percentage Percentage Percentage Percentage Percentage 








Inoculated Plants 


April 28 0 1 50 0 8 69 
May 5 0 11 80 11 36 86 
May 12 2 20 §2 26 49 89 
May 19 3 25 82 36 57 90 
May 24 5 22 82 43 oO 91 
June 1 8 17 81 45 61 89 
June 14** 25 51 91 64 74 95 
June 20 S 19 46 51 61 89 
Uninoculated Plants 
April 28 0 0 2 0 0 8 
May 5 0 0 10 0 3 25 
May 12 0 0 16 2 7 33 
May 19 0 0 24 4 14 39 
May 24 0 1 28 6 17 50 
June 1 2 1 30 8 21 58 
June 14** 6 9 46 21 41 79 
June 20 2 2 19 13 27 €9 





*Averages of 6 replications. 


**The June 14 count included every plant showing the slightest symptom of 
curly top. 
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Figure 1.—Age of sugar beet in relation to curly-top resistance. Relative amounts 
of obvious disease* among inoculated beets for three dates of planting of the vari- 
eties U. 8S. 22 and R. & G. Old Type. 1989 experiment. 
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Figure 2.—Age of sugar beet in relation to curly-top resistance. Relative amounts 
of obvious disease* among uninoculated beets for three dates of planting of the vari- 
eties U. S. 22 and R. & G. Old Type. 1939 experiment. 


7 
S39) APR 


*The June 14 reading was very close, and included any plants showing very 
slight evidence of disease, as well as the obviously diseased plants. 
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The variety U. S. 22 showed good ability to outgrow curly-top 
injury. This ability was particularly evident in the late (March) 
plantings and to a slight extent in the inoculated February planting. 
The inoculated March planting of U. 8. 22 had nearly as high a per- 
centage of plants actually infected with curly top as did Old Type, 
but on June 20 it showed less obvious disease than even the February 
or January plantings of Old Type. This ability of U. S. 22 to out- 
grow injury is evident to a comparable extent in the uninoculated 
plots of the March planting. 


These data furnish an excellent illustration of the ability of a 
resistant sugar beet to withstand infection and injury from curly top, 
and to outgrow distinct evidence of injury, even when infected at a 
young stage of growth. 

The ecurly-top reading on June 14 was made with exceptional 
eare and each plant showing the slightest symptom on any leaf was 
recorded as diseased. This reading gives the total number of plants 
infected and does not indicate the number showing easily discernable 
injury, which is designated as obvious curly top. Therefore, this 
reading is not truly comparable with the others recording obvious dis- 
ease, and the data for June 14 are indicated in figures 1 and 2 by 
vertical lines from the general curve showing obvious curly top. 

The uninoculated checks, figure 2, indicate a situation more com- 
parable to conditions often encountered in the field. The data bring 
out a striking difference in resistance between U. 8. 22 and Old Type 
for the March planting; in fact this late planting of U. S. 22 shows 
less disease than the February planting of Old Type. 


In both inoculated and uninoculated plots, the advantage of early 
planting is readily apparent. 


1941 Experiments 


Improved U. 8. 22, a variety composed largely of selections from 
U. S. 22, but showing an even higher degree of curly-top resistance 
than the original stock of that variety, and Old Type sugar-beet vari- 
eties were used. Plantings were made on February 27 and on March 
22. For each date of planting there were 4 replications for each treat- 
ment of each beet variety. Each replication consisted of 4 rows 274% 
feet long with an extra border row on either side, making 6 rows in 
the plot. There was 1 uninoculated check plot for each inoculated 
plot. The inoculations were made on April 24, approximately 4 
weeks after the emergence of the March planting. The method of 
inoculation was the same and the virus mixture was similar to that 
used in the 1939 experiments. , 

The system of note taking was like that used in 1939, but the 
plants were kept under observation for a longer period of time, and 
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the 2 middle rows of each plot were harvested on August 8 in order 
to secure comparative yield data. The summarized data from all plots 
are given in table 2 and those from the inoculated plots are graph- 
ically presented in figure 3, while those from the uninoculated plots 
are shown in figure 4. 

The earlier plantings showed distinctly greater resistance to curly 
top as evidenced by obvious symptoms during the first month after 
inoculation. Figure 3 indicates that both plantings of the Old Type 
variety had approximately 100 percent obvious curly top within 8 
weeks after inoculation, and that there was very little evidence of 
recovery even in the February-planted beets. This suggests that the 
conditions of the early and the late plantings of Old Type were quite 
similar, but these records do not indicate the true differences in sever- 
ity of symptoms or the number of plants killed in the different plots. 
On August 4, at the time of the last reading, there were only 3 percent 
of the inoculated Old Type February planting dead, while the com- 
parable March planting showed 38 percent dead. The yield data, 
table 3, gave 5.7 tons per acre for the February planting and 0.9 ton 
per acre for the March planting. This difference probably should be 
even greater, as will be brought out later. 


Table 2.—Incidence of obvious curly-top symptoms as related to age of sugar-beet 


«: 


plant in resistant and in susceptible varieties, 1941 Experiment, Riverside, 
California.* 
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Uninoculated Plants 
May 15 
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*Averages of 4 replications. 
**The June 6 count included every plant showing the slightest symptom of curly 
top. 
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Figure 3.—Age of sugar beet in relation to curly-top resistance. Relative amounts 
of obvious disease* among inoculated beets for two dates of planting of the varieties 
Improved U. S. 22 and R. & G. Old Type. 1941 experiment. 
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Figure 4.—Age of sugar beet in relation to curly-top resistance. Relative amounts 
of obvious disease* among uninoculated beets for two dates of planting of the vari- 
eties Improved U. S. 22 and R. & G. Old Type. 1941 experiments. 


*The June 6 reading was very close, and included any plants showing very slight 
evidence of disease, as well as the obviously diseased plants. 
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Table 3.—Yield in tons per acre from inoculated and uninoculated plots of resistant 
and of susceptible beet varieties as related to age of plants when infected by 
curly top.* Test conducted in 1941, Riverside, California. 





Inoculated Uninoculated 





Beet February March February March 
variety planting planting planting planting 


Tons a ~ ‘Tons —_ 
Improved U. S. 22 17.8 20.5 
Old Type 5.7 0.9 





*Averages of 4 replications. 


The inoculated plots in the March planting of Improved U. S. 
22 showed a higher percentage of infection and a higher percentage 
of obvious curly top than the February planting, but they also showed 
excellent ability to grow out of curly-top injury giving a yield of 
20.5 tons per acre as compared to 17.8 tons per acre for the Febru- 
ary planting, table 3. The uninoculated check plots of Improved U. 
S. 22 showed a similar yield difference, 22.5 tons for the March plant- 
ing compared with 19.5 tons for the February planting. In both the 
inoculated and uninoculated sets of plots the differences in yield, be- 
tween March and February plantings, were statistically significant. 
Normally the earlier planting would be expected to show a higher 
yield, both because of its longer-growing period and its greater resist- 
ance to curly top. The reversal which appeared in this experiment 
was probably due to the development of a severe epidemic of Cercos- 
pora leafspot which spread from an adjacent field of older beets. 
It caused rather serious injury to the February-planted beets and 
much less injury to the later planting as the weather became drier. 
The early planting of Old Type also suffered from leafspot, and the 
yields from the February plots doubtless would have been much high- 
er if curly top had been the only important disease involved. 

The uninoculated checks gave a picture which is more comparable 
to natural conditions than the inoculated plots; the greater resist- 
ance of the earlier planting of Old Type is clearly evident. The yield 
data (table 3) gave 16.0 tons per acre for the February planting and 
13.3 tons for the March planting. It is well to keep in mind that the 
February planting suffered severe injury from leafspot, as mentioned 
earlier. The uninoculated Improved U. S. 22 showed practically no 
curly top in either date of planting. The extremely high resistance 
of the Improved U. 8. 22 in both the inoculated and the uninoculated 
check plots is undoubtedly due in large measure to the increased in- 
herent resistance of this variety regardless of age, but it is hardly 
fair to compare it with the U. S. 22 results of 1939. Differences in 
climatic conditions prevailing during the 2 seasons also must have 
had some influence on the results, and the plants were about a week 
older when inoculated in 1941 than in 1939. 
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The differences between young plants and comparatively old 
plants, or those between the resistant and susceptible beet were so 
great in both 1939 and 1941 that statistical analyses hardly seemed 
necessary. Such analyses were made, however, and all such differ- 
ences were shown to be highly significant. 


It is clearly evident from these experiments that, in general, 
early planting of sugar beets in the curly-top areas is a highly desir- 
able practice. The important factor is to have the plants as well ad- 
vanced as possible at the time of infestation by viruliferous leafhop- 
pers. It is also clear that the resistant varieties of sugar beet, even 
in the very early stages of growth, are far more resistant to curly-top 
injury than are varieties, such as Old Type. 





Production of Heavy Curly-Top Exposures in 


Sugar-Beet Breeding Fields 


ALBertT M. Murpuy! 


Curly top formerly was the worst trouble with which the beet- 
sugar industry had to cope in practically all areas of the far-western 
United States. Farmers occasionally had crop failures and in many 
places sugar factories had to be abandoned on account of the disease. 
Then curly-top epidemics seemed entirely evil but now we can see that 
good comes out of them. Without curly-top epidemics, naturally and 
artificially produced, we could not have bred curly-top-resistant sugar 
beets. And probably we would not now have a well-established sugar- 
beet seed industry adequate to meet all our own needs and part of the 
requirements of our friends and allies. 


Natural, drastic curly-top epidemics do not occur in the same 
area every year and therefore do not meet the needs of a program 
of breeding for curly-top resistance. The severest possible curly-top 
exposure must come regularly in order to make possible the most 
rapid advance in breeding resistant varieties. It takes very severe 
exposure to bring out small differences in resistance between resistant 
individual beets and between resistant varieties. Such small differ- 
ences must be evident to the plant breeder if the right selections are 


‘Assistant Pathologist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture. 
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to be made. By having a drastic exposure each season for 6 consecu- 
tive years, progress has been about 3 times as great as it would have 
been if a severe epidemic had oceurred only once in 3 years; that is, 
twice in the same 6-year period. The foregoing discussion should 
make clear why so much study and effort has been devoted to produc- 
ing curly-top epidemies artificially. 

The purpose of this paper is to present and discuss the methods 
used and being studied by the Bureau of Plant Industry to insure 
a drastic curly-top exposure in the breeding plots every year. 


Experimental Procedure 

Five general methods of inducing curly-top epidemics in the 
breeding field have been employed: (1) Caging viruliferous leafhop- 
pers on individual beets, (2) planting diseased mother beets as a 
source of virus for invading leafhoppers, (3) releasing viruliferous 
leafhoppers in the field, (4) planting a susceptible variety to be in- 
fected and then serve as a source of virus, and (5) late planting. 
Modifications of some of these measures are being tried and addi- 
tional methods are being tested or planned. 

Caging Leafhoppers on Beets.—The earliest method used to pro- 
duce an artificial curly-top epidemic was to confine one or more 
viruliferous leafhoppers on individual plants. Small, specially con- 
strueted glass cages were used and the operation involved a great 
deal of hand work. It was laborious, expensive, and slow; therefore 
only a limited number of beets could be inoculated. Since the num- 
ber of beets that could be handled by this method was small, progress 
was retarded. 

Planting Diseased Mother Beets. — Numerous observations re- 
vealed that when diseased beets from the previous season were saved 
as mother beets for seed and transplanted in or adjacent to a spring- 
planted field, these diseased mother beets served as a source of virus 
for invading leafhoppers. 

This led to the method of transplanting diseased mother beets to 
the breeding plots which has proved effective in helping to hasten 
the development of epidemics. This plan is most useful when the 
leafhopper invasion is heavy and early. One danger in the procedure 
is that the mother beets may have other diseases, such as mosaic, 
which will spread to the breeding plots and interfere with the work. 

Releasing Viruliferous Leafhoppers. — Viruliferous leafhoppers 
bred in the insectary or collected from natural breeding grounds have 
been released in large numbers in the breeding plots early in the 
spring. The principal contribution this makes is to infect a small 
percentage of the plants throughout the plots so that when the natural 
leafhopper infestation occurs there is an ample source of virus. The 
chief limitation of the method is the difficulty in obtaining adequate 
numbers of the insects. 
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Planting a Susceptible Variety. — A susceptible variety when 
planted in blocks in the field or in rows alternating with rows of re- 
sistant varieties serves as a good source of virus. The beets of such a 
variety contract curly top quickly and then, as long as they survive, 
supply virus for such non-viruliferous leafhoppers as may enter the 
field and feed on them. When the movement of leafhoppers was ex- 
pected to be heavy, it was found that it was better to plant some area 
with a variety of intermediate resistance. Such a variety will persist 
and continue to supply virus after the susceptible variety has been 
almost completely wiped out. 


Late Planting.—One of the early recommendations for curly-top 
control was to plant early enough to get the crop advanced as far as 
possible before the movement of the spring generation of leafhoppers 
into the field. Obviously, when severe exposure is wanted the recom- 
mendation would be reversed. Manipulation of planting date so that 
the varieties to be tested would be very young, and therefore rela- 
tively susceptible when very heavily exposed, has been found highly 
effective. 


An added reason for using this method of late planting is that it 
permits testing of progeny of beets selected the previous season. Seed 
of such mother beets can be grown in the greenhouse in the winter 


and early spring. Plants so tested, of course, are not large enough 
for sugar analysis and can be selected only for resistance and root 
shape. 


Other Methods.—Another method is now being tried to increase 
the curly-top exposure, namely, to provide suitable host plants, either 
wild or cultivated, to harbor the leafhoppers over the winter. The seed 
of weed hosts, such as the mustards, is planted in the fall in or near 
the field to be used next for the breeding plots. The seed must be 
planted early enough to germinate and become established so that 
the leafhoppers will have an opportunity to move to these hosts be- 
fore the weather becomes too unfavorable. 


Preliminary tests with spinach have indicated that it is quite 
satisfactory as a cultivated host plant. It will grow at somewhat 
lower temperatures than beets and, therefore, if planted in the fall, 
it will generally live over the winter under field conditions in south- 
ern Idaho. Spinach is susceptible to the curly-top disease and seems 
to be a favorable host plant for the beet leafhopper. 


A plan is being worked on involving the use of a large area of 
desert land where the weed hosts of the leafhopper can be manipu- 
lated or in effect cultivated to maintain a small permanent breeding 
ground for the leafhopper. The beet-breeding plots will be planted 
adjacent to or in the midst of the permanent breeding ground. 
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Discussion and Conclusions 
Great progress has been made in breeding for curly-top resist- 
ance, as shown in table 1. 


Table 1—Comparative yields of varieties under drastic curly-top exposure, Buhl, 
Idaho, 1941. 





Variety Tons per acre 
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In spite of the progress that has already been made in the de- 
velopment of sugar-beet varieties resistant to curly top losses of im- 
portance are still occasionally sustained and greater resistance is 
therefore needed. As the severity of curly-top damage fluctuates 
widely from year to year it is unwise to depend entirely upon the 
natural infestation if the greatest progress is to be made. 





A General Appraisal of Plant Cover in 
Relation to Beet Leafhoppers, Forage 
Production, and Soil Protection 


R. L. PIEMEISEL! 


The semi-arid lands of the northern portion of the intermountain 
region at one time were covered with bunch grass or with widely 
spaced sagebrush where bunch grass and other perennials occurred 
between the shrubs. Today, very little of the sagebrush-grass vege- 
tation remains, and instead there are weedy areas composed almost 
entirely of annuals, or if sagebrush remains, the spaces between the 
shrubs are largely weeds. Such weedy vegetation now covers most 
of the dry lands that stretch from the irrigated portions of the val- 
leys to the wooded mountain slopes. In southern Idaho alone there 
are approximately 21% million acres of weedy lands and several mil- 
lion more of the sagebrush and weed type. 


Physiologist, Division of Sugar Plant Investigations, Bureau of Plant Industry, 
United States Department of Agriculture. 
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Kinds of Plant Cover 


An appraisal of the kinds of plant cover with respect to numbers 
of leafhoppers produced, forage value, and soil protection can be given 
briefly. The information is based on the author’s plant-ecological 
studies in southern Idaho; on statements regarding the beet leafhop- 
per, published by the Bureau of Entomology and Plant Quarantine, 
and on statements concerning forage and protection of the soil against 
erosion, by the U. S. Forest Service and other agencies. 


There are essentially five kinds of plant cover in this region. 
One kind, the original cover, is desirable from all viewpoints. Three 
of them are undesirable in that they afford an unsatisfactory supply 
of forage, give poor protection to the soil, and because they produce 
large numbers of the beet leafhopper. This insect is an important 
pest because it is the vector of the virus of curly top, a destructive 
disease of sugar beets and other crops. The fifth kind of cover pro- 
duees very few beet leafhoppers, but is relatively undesirable for other 
reasons. 


Sagebrush.— With a good growth of bunch grass and perennial 
herbs between the shrubs, sagebrush produces few if any beet leaf- 
hoppers. It maintains good year-round protection of the soil against 
erosion. It affords a steady supply of good forage, and in dry years 


a much greater amount than that from downy chess, Russian-thistle, 


mustards, or other annuals. 


Russian-thistle—A stand of Russian-thistle produces some forage 
in favorable seasons but very little in others, so that the supply is 
not dependable and affords a comparatively poor year-round protec- 
tion for the soil. It supports and reproduces large numbers of beet 
leafhoppers during the summer. The beet leafhoppers move, after 
Russian-thistle dries in the fall, to the newly sprouted mustards where 
they live over winter and reproduce in the spring. 


Mustards.—A stand of mustards (tumblemustard, flixweed, or 
green tansymustard) produces poor forage and the supply is unre- 
liable. It affords a poor or temporary protection for the soil, since 
in summer the dry plants may be broken off and blown away, leaving 
the soil bare all fall. It produces large numbers of beet leafhoppers 
in the spring. When the mustards dry late in the spring, the leafhop- 
pers move to Russian-thistle or infest beet fields and other crops. 


Sagebrush with weeds, particularly green tansymustard, usually 
ineludes hosts of the beet leafhopper. An appraisal of this kind of 
vegetation would be similar to that just given for the mustards for 
it plays the same role in the yearly cycle of the beet leafhopper. 
Though the sagebrush gives somewhat increased protection to the soil, 
heavy erosion may take place in the spaces between the shrubs. 
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Downy Chess.—A cover of downy chess produces few if any beet 
leafhoppers, but there is little else to recommend it. As a forage, 
it is not dependable. There may be a good supply in wet years but 
almost none in dry years. It affords a fair protection to the soil only 
when the stand is good. It constitutes a fire hazard and is an un- 
stable cover that may be quickly destroyed, after which such leaf- 
hopper weed hosts as Russian-thistle and mustards become abundant. 


Hosts to Leafhoppers.—Stands of Russian-thistle and of mus- 
tards, the 2 principal kinds of plant cover that carry the beet leaf- 
hopper through the year, may be replaced, if there is not excessive 
feeding by livestock and rodents, by stands of downy chess which pro- 
duce few if any beet leafhoppers. So too, with adequate protection, 
the stands of downy chess in turn may be replaced by the more stable 
and more desirable sagebrush-grass cover. Conversely, if stands of 
Russian-thistle appear year after year on the same area, it is an indi- 
cation that there is excessive feeding by livestock and rodents; in time 
the soil as well as the plant cover will deteriorate. Again, if in the 
sagebrush adequate protection is given to the areas where some of the 
perennial grasses are left, the weeds, including weed hosts such as 
mustards, will be replaced by the spreading perennial grasses and 
other perennials that are not hosts of the beet leafhopper. 


Conclusion 


Thus the weed hosts and downy chess on abandoned lands and 
the weeds in the sagebrush may be replaced, under proper conditions, 
by the more stable sagebrush-grass that is not productive of large 
numbers of beet leafhoppers, that yields a greater and more reliable 
supply of forage, and that affords a good year-round protection for 
the soil. 





Beet-Leafhopper Populations on Various 
Types of Russian-Thistle Stands 
pone 


Studies on small plots, 50 by 50 feet in size, were made near 
Berger, Idaho, in 1940 and 1941 to determine the ability of the beet 
leafhopper (Hutettix tenellus |Baker]) to reproduce on pure Rus- 
sian-thistle growing in (1) dense, (2) medium-dense, (3) medium, or 
(4) sparse stands, as compared to that of medium-dense Russian- 
thistle mixed with sparse downy chess, medium-dense Russian-thistle 
mixed with medium-dense downy chess, or sparse Russian-thistle 
mixed with dense downy chess. 


Quantitative collections taken at weekly intervals with the samp- 
ling fork from June to September, inclusive, revealed that the highest 
average populations of beet-leafhopper nymphs were produced on 
pure stands of medium-dense Russian-thistle in 1940 and on pure 
medium stands in 1941. The lowest populations found on pure Rus- 
sian-thistle were produced on the sparse stands. Medium-dense Rus- 
sian-thistle mixed with sparse downy chess produced decidedly higher 
populations than either medium-dense Russian-thistle mixed with 
medium-dense downy chess or sparse Russian-thistle mixed with dense 
downy chess. It was found, however, that any one of the pure stands 
of Russian-thistle produced higher populations than any of the mix- 
tures. This was true in both seasons, even though the populations 
found on the pure stands were 8.5 times as great, and those produced 
on the mixed stands were 7.9 times as great in 1940 as they were in 
1941. 


It is tentatively concluded from these limited data that all pure 
stands of Russian-thistle can produce large numbers of beet leafhop- 
pers, but that in the majority of cases the only mixed stands capable 
of producing a sufficient number of these insects to be economically 
important are those in which Russian-thistle is abundant and downy 
chess is sparse. Under the conditions of this experiment, increased 
densities of downy chess in the mixed stands resulted in marked de- 
creases in the production of beet leafhoppers. 


1U. 8S. Department of Agriculture, Bureau of Entomology and Plant Quarantine. 
In cooperation with the Bureau of Plant Industry, U. S. Department of Agriculture, 
the Leafhopper Control Administration, State of Idaho, and the Idaho Agricultural 
Experiment Station. . 








The Effect of Field Conditions and of Field 
Practices on the Development of Black 
Root in Sugar Beets 


M. W. SERGEANT! 
Abstract 


Results of the study of an average of 124 diseased fields per year 
during 1939, 1940, and 1941 are expressed in percentages of diseased 
acreage saved, under different conditions, and as a result of different 
field treatments given after the infection was discovered. 

Fields planted late or replanted and those with a low level of fer- 
tility or with poor drainage had a relatively low degree of recovery 
from black root. 

The percentage saved, after different preceding crops, was high- 
est when sugar beets were planted after such cultivated and usually 
fertilized crops as navy beans, potatoes, tomatoes, ete. Next in order 
of value were legumes, corn, and small grains, with beets after beets 
showing a total loss. 

As to remedial treatments given diseased fields, immediate aera- 
tion with rotary hoe, weeder, or spike-tooth harrow saved 68 percent ; 
use of a roller or cultipacker saved only 34 percent; delayed treat- 
ment of any kind saved only 24 percent, and no treatment resulted 
in a loss of all but 13 percent of the acreage. 


1Great Lakes Sugar Company. 





The Beet Leafhopper as a Pest of Beets 
Grown for Seed 


Van E. Romney? 
Abstract 


Beets grown for seed by the annual method in the Mesilla Val- 
ley, New Mexico, and in the Salt River Valley, Arizona, are subject 
to occasional injurious infestations of the beet leafhopper, Eutetti« 
tenellus (Baker). These agricultural districts are surrounded by 
summer breeding areas of this insect, and the amount of damage from 
year to year depends upon leafhopper numbers and host-plant eon- 
ditions during the fall months in these breeding areas. Damage re- 
sults from the transmission of the curly-top virus from plant to plant 


*Bureau of Entomology and Plant Quarantine, United States Department of 
Agriculture. 
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by the insect ; the disease has been found to reduce the seed yield. It 
also retards maturity of the seed, although it has not been found 
to affect noticeably the quality and viability of the seed. 


Beets are planted from mid-August to mid-September in the 
New Mexico and Arizona seed-producing districts. Beet leafhoppers 
infest the fields as soon as the beets are up and usually increase in 
number until late September in New Mexico and until mid-September 
in Arizona. Further movements to the beet fields usually do not occur 
until late October and oceasionally at later intervals, depending upon 
host-plant conditions in the breeding area. In Arizona the Septem- 
ber infestations thus far have been injurious only to the thinner beet 
stands, while in New Mexico larger, but not serious, infestations have 
been found to occur in September. 


In the seed-beet fields of the Salt River Valley, infestations of 
125 to 150 leafhoppers per 100 feet of row, on nonresistant stands 
ranging from 700 to 1,000 plants per 100 feet of row, may be suffi- 
cient to warrant control measures, although this number usually in- 
fects less than 20 percent of the plants by the time the crop is mature. 
In the past, beet stands in the Mesilla Valley have not been so thick 
as those in Arizona, and there are indications that the leafhoppers 
carry a more severe virus. For this reason stands of 600 to 800 plants 


per 100 feet of row in this district probably would require only 75 
to 100 beet leafhoppers per 100 feet of row to warrant control meas- 
ures. In both districts thinner stands would require fewer numbers 
of leafhoppers. 


Experiments conducted during the period 1935 to 1941 have 
shown that increases in seed yields result from one application of py- 
rethrum-in-oil when made as soon as possible after damaging infesta- 
tions of the insect occur. Not more than two applications have been 
found necessary even under the most adverse conditions. An applica- 
tion rate of 6 gallons per acre with a low-pressure machine was suffi- 
cient within the temperature range of 50° to 75° F., when there was 
little or no wind. As the temperature rises above 75° F., the amount 
should be increased, until at about 95° F. as much as 9 gallons per 
acre may be necessary to maintain large reductions. Wind velocities 
of more than 8 to 10 miles per hour 4 feet above the ground also in- 
hibit the effect of the insecticide. 


Cultural practices can be used to supplement or even take the 
place of chemical control measures. Beets planted from August 15 
to September 15 in the Salt River Valley can be made to cover the 
soil surface with foliage within about 50 days and thus create an 
unfavorable environment for the leafhopper. After the beet foliage 
within the fields practically covers the soil surface, leafhopper num- 
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bers have been found to be very small, and such fields apparently 
are not subject to subsequent infestations or additional injury. Fields 
with small beets after late October have been those more severely in- 
jured by the leafhopper, and especially those which remained with 
poor coverage throughout the winter months, since such fields often 
were found to receive additional leafhoppers at that time. 





Progress Report on Investigations of Insects 
Affecting Sugar Beets Grown for Seed 
in Arizona and New Mexico 


Orin A. HILLS AND VAN E. ROMNEY! 
Abstract 


Insect-population studies have been carried on in fields of sugar 
beets grown for seed in the Salt River Valley of Arizona. These 
studies were commenced in 1938 and have been carried on throughout 
the entire growing season of the crop each year since then. Insofar 
as possible, studies have been extended to include also the beet-seed- 
producing areas in the Mesilla Valley, New Mexico, and the areas in 
the vicinity of Albuquerque. These studies have shown that several 
species of seed-feeding insects infest the seed-beet fields during the 
spring months. Of these insects, Lygus spp. are the most common, 
and in the Salt River Valley, where the more detailed studies have 
been conducted, a direct correlation was found between the numbers 
of Lygus present on the seedstalks in May and the percentage of non- 
viable seed produced. Three species of Lygus have been found to 
occur in the seed-beet fields of Arizona and New Mexico. The distri- 
bution of these species is not the same, however, for the various areas. 
In the Salt River Valley of Arizona Lygus hesperus (Knight) and 
Lygus oblineatus (Say) predominate, and L. elisus Van Duzee 
occurs only in small numbers. In the Mesilla Valley Lygus 
oblineatus and L. elisus predominate, with comparatively few L. 
hesperus. At Albuquerque, ZL. elisus occurs in the beet fields almost 
to the exclusion of the other species. Certain stinkbugs, particularly 
the Say stinkbug (Chlorochroa sayi Stal), also have been found in all 
the areas studied, but they are considered to be of minor importance 
except in outbreak years. 


4Bureau of Entomology and Plant Quarantine, United States Department of 
Agriculture. 
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Isolation-cage studies on Lygus spp., the Say stinkbug, and the 
red-shouldered stinkbug (Thyanta custator F.) showed that these in- 
sects all were capable of reducing the percentage of viable seed pro- 
duced. These studies also showed that the quantity of seed was not re- 
dueed but that the seed produced under insect conditions was some- 
what lighter in weight, as well as reduced in viability. Other experi- 
ments with Lygus, however, indicate that where extremely large num- 
bers are introduced reductions in yield will result. 


Studies with individuelly caged specimens of males, females, and 
nymphs of Lygus hesperus, Lygus oblineatus, and L. elisus showed 
that the females and nymphs of these species were responsi- 
ble for most of the damage. Since population studies showed that 
Lygus nymphs are the most numerous form of the insect present on 
the seedstalks at the season of the year when the developing seeds are 
most susceptible to injury, it can be concluded that the nymphs of 
these species are responsible for the greater portion of the damage. 
These studies further showed that Lygus elisus did somewhat less 
damage to the seed than did L. hesperus or Lygus oblineatus. 
This finding becomes of practical interest since it has been shown that 
the predominating species of Lygus varies with the locality. One 
series of cages containing Say’s stinkbug adults, without respect to 
sex, also was included in this study. These insects were found to 
damage nearly twice as many seedballs as any of the Lygus species 
or forms. 


Two seasons’ data are now available from field tests of insecti- 
cides against Lygus on seed beets. A special technique involving a 
movable scaffold was devised to make possible the application of in- 
secticides from above the plants to simulate airplane application. All 
insecticides were applied in quantities somewhat greater than may be 
practical in order better to determine those which may be of any pos- 
sible value against Zygus and also the better to study the effect of 
the insecticide on the plants. In 1940 most of the materials used 
showed some reductions in Lygus populations which were accompan- 
ied by increases in the percentage of viable seed produced. In 1941, 
however, none of the materials showed significant increases in the 
germination of the seed produced. Insecticides giving the best results 
in 1940 were used again in 1941 and some new materials added. A 
slight change was made in the time of application of the materials in 
1941 which may be responsible, at least in part, for the differences in 
results. Although there is not at present a satisfactory insecticide 
known for the control of these insects on seed beets, the results of 
1940 indicate that, if Zygus can be controlled, an increase in the 
percentage of germinating seed produced will result. Dusting sulfur 
gave as good results as any of the materials tried and was by far the 
cheapest. A pyrethrum-in-oil spray was tried the first year and gave 
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greater reductions in Lygus populations than any of the other ma- 
terials tried ; however, some injury was caused to the seed. None of 
the other materials ‘tried have caused any measurable damage to the 
plant or to the seed. 





The Sequence of Infection of a Seedling 
Stand of Sugar Beets by Pythium Debary- 
anum Hesse and Aphanomyces 
Cochlioides Drechsler 


W. F. Bucu Hotz! 
Abstract 


In greenhouse plantings of treated and untreated (5 percent 
ethyl mercuric phosphate, 5 to 7 ounces per 100 pounds seed) sugar- 
beet seed in (1) Clarion loam infested with Pythium dedaryanum 
Hesse, (2) Webster loam lightly infested with P. debaryanum, and 
(3) Webster loam infested with Aphanomyces cochlioides Drechsler 
and P. debaryanum, the following observations were made: 

That P. debaryanum infected and killed up to 90 percent of the 
seedling stand quickly, within about 15 days after planting. 

That A. cochlioides, when present, infected the remainder of 
the stand later, starting about 13 days after planting. 

That seed treatment was an effective seedling protectant against 
P. debaryanum, not against A. cochlioides. 


{South Dakota Agricultural Experiment Station. 
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A Photo-Electric Apparatus for Determina- 
tion of Color and Turbidity in Refined 
Sugar 


R. J. SmirH! 


The presence of color, turbidity, or any impurity in refined sugar 
is objectionable. Several types of equipment have been developed for 
testing sugar in the granulated form, but believing that turbidity or 
color would be more readily detected in solution, we attempted some 
years ago to develop apparatus for grading in the solution form. 

In developing this system, numerous samples of supposedly the 
highest-quality sugars were obtained from which sugar solutions were 
made and color determined by use of a colorimeter. The solution 
showing the least color was classified as A+, or a numerical grade of 
0.5. Using this as a standard, we had colored glass made to match 
the color of that particular sugar solution. Similar standards were 
made to represent grades of A or 1.0 and B+ or 1.5. 

After using this system for a number of years we found that re- 
sults were not sufficiently accurate for the close control we desired, 
therefore we began investigation to develop a more accurate method 
of grading. This resulted in the building of an experimental photo- 
electric apparatus which was used at one laboratory for a year. It was 
found to be a decided improvement over our old system of grading, 
but it was still not sufficiently accurate. A, number of changes and 
improvements were made resulting in the equipment we are using at 
the present time, which, we feel, provides a rapid and reasonably 
accurate method for grading refined sugar. Pure distilled water is 
the standard used against which to compare the sugar solution. 

The equipment consists of a hardwood instrument case with a 
bakelite top. Mounted in the top is a momentary contact push button, 
a potentiometer, and an indicating meter with an arbitrary scale 
graduated from 0 to 100. A metal housing with hinged door and cen- 
tering screws is provided for enclosing the glass sample cylinder. An 
electric lamp and lens system is located in the top of the housing. 
At the bottom of the housing is mounted a photo-electric cell. A 
means is provided for focusing the lamp, through a lens system, on 
the sensitive surface of the photo-electric cell. 

The test cylinders are of special make with eut polished bottoms 
and graduated to contain a 12-inch depth of solution. The lamp is 
a G. E. 6.5 volt, 1.7 ampere, No. G3DCB, microscope illuminator bulb. 


1General Chemist, Holly Sugar Corporation. 








472 AMERICAN Society SuGAR-BEET TECHNOLOGISTS 


A Lucite block is placed under the test cylinder and a Lucite 
plunger is inserted in the top of the cylinder. These are to eliminate 
error caused by light refraction, since Lucite has the peculiar prop- 
erty of carrying light rays straight through it and not permitting 
them to be dispersed through the sides. 

Only a 6-volt wet battery should be used and no attempt should 
be made to use AC current and a transformer, since all sources of 
AC current are subject to voltage fluctuation which will destroy the 
accuracy of the instrument. Dry cells should not be used. 


Method of Using the Apparatus 


The following procedure should be followed closely in standard- 
izing the instrument and in making the tests on sugar: 

All beakers, special Nessler tubes, and other apparatus used in 
making the tests must be perfectly clean, otherwise incorrect read- 
ings will result. 

1. Dissolve 100 grams of the sugar to be tested in a beaker in 
100 ml. of hot distilled water. Do not filter the sugar solution. 
Cool and de-air in the mixing beaker, then fill one of the special 
Nessler tubes 1/16 inch above the graduation line (which represents 
12 inches depth) with the sugar solution. Insert the Lucite plunger 
in the top of the tube making sure there are no air bubbles in the 
solution or under the plunger. 

2. Fill a similar Nessler tube to 1/16 inch above the graduation 
line with pure cool distilled water and insert a Lucite plunger. 

3. Place the tube of distilled water on the Lucite block in the 
metal case of the instrument and close the door of the case. 

4. Depress the push button and adjust the potentiometer until 
the instrument reads 100. The apparatus is now standardized at 100 
on pure distilled water. 

Note: It is almost impossible to compensate for so-called cell 
fatigue, but errors which might result from this may be almost en- 
tirely eliminated by care on the part of the operator. Depress the 
push button and let the indicating instrument swing to its maximum 
reading after which it will move slowly and slightly down scale. 
Keep the button in the depressed position until the down-seale move- 
ment of the pointer is imperceptible and then read the instrument at 
that point. 

5. Remove the distilled water tube and insert the one containing 
the sugar solution. 

6. Depress the push button and observe the reading of the indi- 
eating instrument. This reading is the solution grade of the sugar 
and represents color, turbidity, or a combination of both. After the 
reading is made the instrument should be re-standardized on distilled 
water, then a check sugar reading made. With correct procedure the 
two readings on the sugar solution should be the same. 
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In any case where the solution appears turbid, the notation ‘‘T’’ 
should follow the grade number. 

7. Any color, turbidity or other impurities in the sugar lower 
the reading of the instrument. It is therefore necessary that every 
precaution be taken to avoid outside contamination of the sugar or 
the sugar solution. 

8. The special Nessler tubes should be cleaned once per shift 
with chromate-cleaning solution. This will prevent formation of a 
film that lowers readings and causes variation in readings when using 
different tubes. 

9. The Lucite plungers and blocks should not be washed in hot 
water. Care also should be taken to avoid scratching the Lucite parts 
as well as the bottom of the Nessler tubes. 

It is usually possible to see with the naked eye, by looking up 
through a tube of solution, whether turbidity or color is the cause of 
a low grade. Where turbidity is present, it is a simple matter by 
filtration of the solution through an asbestos mat, to determine about 
what extent of turbidity there is. For example, the original unfil- 
tered solution has a grade of 80 and appears quite turbid. It is then 
filtered, and the grade is 95. Of the 20 points difference between 
100 and 80, 15 points are due to turbidity and 5 points to color. 

The instrument is very sensitive. In many cases visual grading 
of the erystallized sugar gives a result of A+, while the grades ob- 
tained by use of the photo-electric apparatus may range from 60 to 98. 
It is more sensitive to turbidity than to color, either of which is, of 
course, objectionable in sugar. The presence of even a small amount 
of bag lint in the sugar solution will obstruct the passage of light and 
lower the reading. 

The effect of even slight turbidity is demonstrated by the follow- 
ing table, showing the relationship of turbidity to the photo-electric 
reading. 





Turbidity, parts per 100,000 Photo-electric 
Calcium carbonate reading 





1.0 77 
80 





The above relationship was established by using very finely di- 
vided, chemically pure, precipitated calcium carbonate in pure dis- 
tilled water. 
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So far, we have not made a practice of trying to differentiate 
between color and turbidity, only in the case of rather low grades. 


We specify that the sugar solutions tested are not to be filtered, 
as we want to know the grade of the sugar which is actually sacked. 
It is therefore very important that extreme care be exercised in the 
procedure of sampling and testing to avoid contamination and erron- 
eous grades. 


Because of its sensitivity, the instrument is a good detector. 
With normal and good operation there is not much fluctuation in 
grades, but when there is a decided drop, it usually indicates some 
sub-normal operation such as improper filtration, poor centrifugal 
work, ete. 

Results obtained from the use of this apparatus are closely 
watched by factory operators and we feel it to be of considerable 
value in our control work. 


Other Uses of Apparatus 


We feel there are other uses to which the apparatus is applicable, 
although these have not been tried extensively : 


1. Color determinations on juices at various stages of the pro- 
cess by dilution to a uniform density, such as a brix of 10. 


2. Detection of caramel by lead-acetate treatment of juices di- 


luted to a uniform brix of 10. 


3. Determining contamination in white centrifugal wash water 
caused by broken or unclean water filters. 


4. Determination of magnesium in limerock analysis and phos- 
phates and sulfates in boiler waters by establishing the relationship 
between actual results and the photo-electrie reading. 


5. Colorimetrie determinations in soil testing. 


Conclusion 


In our opinion, this is a quick and accurate method for determin- 
ing color and turbidity in sugar. While it may not be the final an- 
swer to the problem, at least, we feel it is a marked improvement over 
anything we have used for this purpose before. 





Studies in the Industrial Control of Micro- 
Organisms in Granulated Sugar 


Rosert S. GappIE AND WILLARD A. OLSON! 
Thermophillic Bacteria 


Sugar was first suspected as a contaminant of non-acid canned 
foods during the canning season of 1926. Since that time it has been 
proved that sugar may contain organisms which cause two of the 
recognized types of spoilage, which in commercial canneries act main- 
ly through the establishment of foci in the apparatus with resulting 
contamination of foods passing through that equipment. 

These organisms are thermophillic in nature, characterized by 
their ability to withstand temperatures higher than those at which 
most foods are processed. 

Recognizing the dangers of using contaminated sugar, the Na- 
tional Canners Association has established standards which would 
tend to minimize these dangers. They are as follows: 


Table 1.—National Canners’ Standards. 





Total thermophiles 
In 10 grams of sugar an average of not over 125 for 5 samples and a maximum 
of not more than 150 for any 1 of the 5. 








Flat sours 
In 10 grams of sugar an average of not more than 50 for 5 samples and a maxi- 
mum of not more than 75 for any 1 of the 5. 





Anaerobes not producing HeS 
In 4 grams of sugar not over 67 percent of the tubes positive for any 1 of 5 
samples and not over 3 of 5 samples 60 percent positive. 





We in the sugar industry believe these specifications to be reason- 
able and accept them in every respect. 

The thermophiles with which we are concerned are divided rough- 
ly into two groups. 

1. Aerobie bacteria. 
2. Anaerobic bacteria. 

The first class or aerobic type requires oxygen in order to live 
and reproduce. Most of the thermophiles which contaminate sugar 
are in this class. Here is found the acid-producing organism which 
causes the industriai spoilage. called ‘‘flat sour’’ in non-acid foods. 
The microbe secretes an acid product that causes a definite bitter 
off flavor.’’ 


Chemist and Bacteriolcgist, respectively, Utah-Idaho Sugar Company, Toppenish, 
Washington. The authors wish to express their appreciation for the cooperation and 
helpful assistance of Dr. G. A. Vacha and his staff of the Bacteriological and Can- 


ning Division, Minnesota State Department of Agriculture; and to C. A. Dahlquist 
of that department for permission to use the pictures shown in this article. 
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The number of thermophiles of this class in any given product 
is determined by the plating method. One hundred ce. of distilled 
water are measured into a 250-ce. Erlenmeyer flask, a cotton plug 
inserted and the flask and contents autoclaved for 20 minutes at 15 
pounds pressure. The flask is removed, cooled, and into it is weighed 
20 grams of sugar or its equivalent. The solution is then gently 
boiled at atmospheric pressure for 5 minutes to destroy all micro- 
organisms, except the thermophillie types. The volume at this point 
should be 100 ee. The solution is cooled slightly, and with a sterile 
10-ce. serological pipette, 2 ee. (equivalent to 0.4 gram of sugar) 
are seeded in each of 5 petri plates and nutrient brom-agar of the 
following composition is added: 

15 grams agar, 
10 grams tryptone, 

5 grams dextrose, 

1 liter of distilled water. 

The pH is adjusted to exactly 6.8 with 10-percent NaOH or HCl, 
and 1 ee. of 4-percent alcoholic solution of brom-cresol purple added. 

The agar in the media causes it to set to a jelly-like consistency 
holding the individual bacteria in one place. The plates are then in- 
cubated at 55° C. for 48 hours and each cell develops into a colony of 
sufficient size to be visible to the unaided eye. These colonies, each 
of which represents a single organism, are counted on all 5 plates, 
the total multiplied by 5 giving results in terms of total thermophiles 
per 10 grams of sugar. Colonies of the flat-sour type may be dis- 
tinguished on these plates by their characteristic deep-red center sur- 
rounded by a yellow halo which is produced by the action of the 
secreted acid on the purple indicator. 

The second class, the anaerobes, comprises a group which is un- 
able to sustain life in the presence of oxygen. The particularly detri- 
mental microbe which is encountered here produces what is known in 
the canning industry as ‘‘hard-swell’’ spoilage. These organisms pro- 
duce within the can a gas composed of carbon dioxide and hydrogen 
in varying proportions. A pressure is built up resulting in bulging 
of the can and eventual bursting. Since these organisms cannot grow 
in contact with oxygen, their presence is detected by inoculating beef- 
liver, peptone, broth culture tubes prepared in the following manner: 

0.75 pound of beef-liver is put through a fine meat grinder, 750 
ec. distilled water added, and the mixture boiled for 1 hour. It is then 
filtered, the filtrate made up to 1 liter, brought to a boil, and 10 grams 
of peptone added. The pH is adjusted to 6.7 and 1 gram of K,HPO, 
added, bringing the pH to 6.8. The extracted liver is dried and 
ground to pass a 100-mesh screen. One-eighth inch of this dried 
ground material is placed in the tubes and covered with about 1 inch 
of the broth. Twenty ce. (equivalent to 4 grams sugar) of the same 
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solution with which the petri plates were seeded, are divided equally 
between 6 tubes. Effective sealing is accomplished by carefully pour- 
ing in about 1 inch of 2-percent sealing agar of pH 6.8 containing 
0.4 percent tryptone. If, after 72 hours incubation at 55° C., the agar 
seal has been forced up and away from the beef broth by the pres- 
sure of the gases mentioned, the tube is positive and the unknown 
is said to contain thermophillic anaerobes. An unchanged tube of 
course denotes their absence, (figure 2, picture 4). 

Most of these thermophiles have their origin in the soil and are 
introduced with the sucar beet itself. This is evidenced by the fact 
that counts of 400 to several thousand were made in 10 grams of raw 
juice from the diffusion battery. It was found that considerable 
numbers of these organisms entering with the diffusion juice are 
eliminated in the carbonation process with its subsequent filtrations 
but many go through to become centers of contamination in later 
stages of the process. In all of our examinations, unfiltered sirups 
and accumulations of sugars and juices throughout the factory 
showed extremely high counts, (table 2). 


Table 2. 


Anaerobes 
Total Flat not producing 
Product* thermophiles sours H2S 





percentage 
Diffusion juice 
Diffusion juice 
Diffusion juice 
2nd press juice 
Thin juice 
Thick juice 
High melter 200 
High wash 525 15 
Intermediate sirup 1135 10 
Dust box 1100 40 


SBBNUSSCeoBAG 


i) 





*All counts are on the basis of 10 grams of the product. 


During the campaign of 1939, experiments were devised at Top- 
penish to determine whether a single filtration of standard liquor 
using diatomaceous earth could produce thermophile-free massecuite 
and subsequent sugar. Two colors of filter-aid were used. ‘‘Dicalite 
20,’’ which is brown in color, was used for precoating. Table 3 
shows an average of a series of counts on the filtrate while precoating. 

Thus it was concluded that feeding the filter-aid into the unfil- 
tered liquor at the rate of 35 pounds per hour resulted in a suitable 
precoat about 1/16-inch thick in 45 minutes. Opening the press gave 
further evidence that the precoat was very uniformly distributed 
over the entire cloth surface. , 

For the duration of the press cycle, ‘‘Speed Plus,’’ which is 
white, was fed continuously at the same rate. Series of examina- 





AMERICAN Society SuGAr-Beet TECHNOLOGISTS 


Table 3. 





Anaerobes 
Pressure (percentage 

Time (Ib. per Total Flat of fubes 
minutes sq. inch) thermophiles sours positive) 





10 
20 
25 
30 
40 
45 


150 10 34 
120 10 17 
0 0 
0 0 
0 0 
0 0 
0 0 


- = 
oy — Cl G bo ty 
*-e 


 *Pump applied. — 

tions were made through many complete press cycles and it was 
found that an occasional press would run thermophile-free filtrate 
for 20 hours and suddenly counts would jump to several hundred. 

Upon investigation it was found that the press cake had pulled 
away from the cloths and white patches of ‘‘Speed Plus’’ showed up 
next to the cloth and in back of the brown precoat. In some instances 
patches of the cake had fallen to the bottom of the frame. The reason 
for this was easily determined. When the pump was allowed to take 
away the juice from the tank supplying the presses at a faster rate 
than it entered, the pressure on the filter presses would fluctuate 
from 0 to 50 pounds within a few seconds. This sudden drop in pres- 
sure would cause the cloths to sag away from the frames and the two 
inner surfaces of the cake to stick together. The next upward surge 
in pressure would force the cloths back against the frames, pulling 
the cake away from one or both sides, and leaving some uncoated 
cloth through which poorly filtered sirup could pass. 

This condition was remedied by installing float signals on the 
supply tank to enable the operator to maintain an even pressure on 
the presses. 

Table 4 shows typical results obtained from faulty press opera- 
tion compared with counts observed after corrective measures had 
been applied. ‘ 

In spite of very close supervision at the press station, some 
thermophillie spores pass through to the later stages of the process 
where they rapidly develop into serious sources of contamination. 
Samples taken from the foam which accumulates on the sides of the 
standard liquor tanks and accumulations on the braces in the white 
mixer ran as high as 1,100 in 10 grams. Samples of the high-raw 
sugar which is introduced into the standard liquor just before fil- 
tration, ran into the hundred thousands per 10 grams. To alleviate 
this situation the following program was adopted: 

1. Both white and high-raw mixers were fitted with tight 
monel-clad covers and steam was introduced to keep the fillmass from 
collecting on the sides, braces, ete. 
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Table 4. 








Poor Filtration 
Time Total Flat 
hours thermophiles sours Anaerobes 











oO 20 

330 10 

100 10 

‘ 820 10 

6 80 0 
Resultant sugar 125 0 





Proper Filtration 


24 
White massecuite 
Resultant sugar 





2. Standard liquor tanks on the pan floor were washed and 
sprayed with a solution of calcium hypochlorite equivalent to 1-per- 
cent available chlorine. 

3. Serupulous cleanliness was observed around the press station. 
Before dressing a press, the frames, plates, troughs, and floor were 
earefully washed and sprayed with 1-percent chlorine. In every 
batch of press cloths washed, 2 quarts of this solution were used in 
the final rinsing. 

4. Similar sanitary measures were taken at the centrifugals. 
Buckets containing the paddles were steamed out after each strike 
and the water for washing the paddles treated with 1 quart of the 
chlorine solution. 

An examination of the average counts of thermophillie bacteria 
in sugar produced the last 4 seasons at Toppenish, strikingly illus- 
trates the value of bacteriological research and control. From figure 
1 it is observed that in the sugar produced in the campaign of 1937, 
the average count on total thermophiles was 125 per 10 grams. This 
figure increased to 139 in the following year. In 1939, the season 
in which bacteriological control was established, the average dropped 
to 10 and was further reduced last campaign to an average of 3 ther- 
mophiles per 10 grams. 

Mesophillic Bacteria 

Solution of the problem of producing sugar which is uniformly 
very low in thermophiles directed our attention to the mesophillic 
bacteria found in sugar. Of prime importance to the manufacturer 
of beverages are these mesophiles, for in high concentration they may 
destroy both the flavor and appearance of his product. Both carbon- 
ated and uncarbonated drinks may be affected by one or more spe- 
cies of these organisms found in sugar. 
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To diminish the possibility of contamination from this source, 
tentative beverage standards have been set up, (table 5). 


Table 5.—Tentative beverage standard. 





Bacteria at 37° C. 
In 5 samples an average of not more than 200 per 10 grams of sugar. 





Molds 
In 5 samples an average of not more than 13 per 10 grams of sugar. 





Yeasts 
In 5 samples an average of not more than 13 per 10 grams of sugar. 








From this table may be deduced the classifications into which 
we divide the mesophiles. 

The first class, bacteria at 37° C., may produce sediment and 
‘*rope’’ in beverages, especially in those which are not carbonated. 
The total number of bacteria of this type in a given product is de- 
termined as in total thermophiles by the plating method. The media 
in this case is a nutrient agar composed of: 15 grams agar, 3 grams 
beef extract, 5 grams tryptone, 3 grams dextrose, 1 liter distilled 
water. Adjust pH to exactly 6.8. 

To make the determination, a 250-ce. Erlenmeyer flask contain- 
ing 45 ce. of distilled water is stoppered with cotton and sterilized 
in the autoclave. After cooling, 24 grams of sugar are added bring- 
ing the volume to 60 ee. Each ce. of this solution contains 0.4 gram 
of sugar. With a sterile pipette, 2 petri plates are seeded with 2.5 
ee. each and nutrient agar added to a depth of about 14 inch. After 
mixing and setting, the plates are incubated at 37° C. for 48 hours. 
At the end of this time the developed colonies on both plates are count- 
ed and the total multiplied by 5. This result is the total mesophillic 
bacteria in 10 grams of sugar. The 48-hour incubation period is not 
long enough for yeast and mold colonies which would ordinarily de- 
velop on these plates to become large enough to be seen. Development 
of thermophillic bacteria is likewise inhibited by the nutrient agar 
which is not rich enough to promote their growth and by the compar- 
atively low incubation temperature. 

Figure 2, pictures 1 and 2, are photographs of plates showing 
mesophillie bacteria in sugar from different sources. Each white spot 
is a bacterial colony. Number 1, a sample of Bottlers’ Tested Sugar, 
has a total count of 70. The estimated count on sample number 2 is 
16,000 per 10 grams. 

Yeasts and molds are of special importance to the soft-drink 
bottler because they may tolerate acidities as high as pH 2. These 
organisms produce stringy sediments. in beverages in which the 
acidity would inhibit most bacteria. In plating these organisms, this 
tolerance toward low pH values is utilized to prevent other bacterial 
growth. 
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Figure 2.—Pictures 1 and 2 show mesophillis bacteria in sugar; picture 3, molds; 


picture 4, shows both a positive and a negative test; and picture 5 shows the different 
types of colonies which may develop from a single sample of sugar. 


The determination is made in the same manner and on the same 
solution used for plating the mesophiles. Each of 2 petri plates is 
seeded with 2.5 ec. of this sugar solution. Agar made up as follows 
is added: 1 pint beer, 15 grams agar, 8 grams NaCl, 10 grams dex- 
trose, 5 grams peptone. The beer is autoclaved for 20 minutes to 
drive off the aleohol, the above components added and the volume 
brought to 1 liter. 

Just prior to pouring the plates, this media is brought to pH 
4.0 with sterile 10-percent lactic acid. The media thus acidified is 
added to the seeded plates, allowed to set, and incubated for 5 days at 
32° C. Both the yeast and mold colonies are multiplied by 5 to 
obtain their respective counts. 

Figure 2, picture 3, illustrates molds in sugar and as this plate 
contains 1 gram of sugar, the count would be 400 per 10 grams for 
that particular sample. Such a sugar would of course be very unde- 
sirable for soft-drink bottling. 

Figure 2, picture 5, was included to show the different types of 
colonies which may develop from a single sample of sugar. At the 
side may be seen a spreader type, a species which grows very rapidly 
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and may sometimes cover the entire surface of the media obscuring 
other colonies. In the center are observed very irregular and per- 
feectly round colonies; large mucoid colonies, and at the bottom of the 
plate some approaching a pin point in size. 

Throughout this paper we have laid special emphasis on exact 
control of pH values. The reason for this lies in a series of experi- 
ments completed during the beginning of the 1941 campaign. In all 
of our bacteriological work before that time, pH values were deter- 
mined by the colorimetric method using brom-thymol blue indicator 
and standard color comparators. In September of 1941 an electric pH 
meter equipped with a shielded glass electrode and temperature com- 
pensator was obtained. This instrument has the advantage that the 
pH of the agar media may be checked after it has cooled and set. 
Culture media which tested pH 6.8 on the color comparator was 
found on the pH meter to be 7.05. A series of comparisons were 
made on 2 culture media of pH 6.8 and 7.05, respectively. The re- 
sults are shown in table 6. 


Table 6—Comparisons on bacterial counts at pH 7.05 and 6.8. 





Bacteria at 37° C. 
Sample Percentage of 


number pH 7.05 pH 68 Difference difference 








100 145 i +31.0 
155 160 i + 3.1 
80 75 f — 6.7 
115 115 0 

80 90 +12.5 
140 150 + 7.1 
95 110 E +13.6 
100 115 +13.0 





Total 865 960 : + 99 





These results indicate that average counts at the optimum pH 
of 6.8 were about 10 percent higher than at pH 7.05. For this reason 
we believe that small variations in the pH of the media should be 
avoided if maximum accuracy is to be maintained. 

While pH 4.0 is not necessarily the optimum pH for plating 
yeasts and molds, from the results we have obtained it was concluded 
that this pH is very near the ideal working point. Lower than this 
point the media hydrolizes and becomes liquid. At higher pH values 
some of the mesophiles develop in the 5-day incubation period. 

We have found that elimination in the plant of mesophillie bac- 
teria, yeasts and molds is strictly a problem of sanitation. Since only 
a few of the mesophiles and none of the yeasts and molds can survive 
in the sirups at their processing temperatures, it is not difficult to 
produce white fillmass practically free of these organisms. However, 
starting at the centrifugal station, contamination may take place at 
any point thereafter until the sugar is in the bag. It was found that 
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contamination could occur wherever the sugar came in contact with a 
free circulation of unfiltered air and that countless numbers would 
develop wherever moist conditions prevail. Table 7 shows typical 
counts before any control was established. 


Table 7. 





Product and source - - Bacteria 
of sample i Yeasts Molds 





Swab from paddle at centrifugals 

Water in bucket holding paddle 

Wet sugar at centrifugals 

Centrifugal wash water 

Wet sugar to scroll 

Wet sugar at end of scroll 

Sugar standing in scroll 2300 

Sugar lying in boot of wet elevator 10,000 

Swab from side of wet hopper 80 

Poorly filtered air to granulator 

Swab from fan blades 600 60 
Swab from walls 960 40 200 





it is self-evident that sanitary measures taken in the control of 
thermophillie bacteria play an important part in the control of meso- 
philes. In addition, however, a program was adopted in 1939 as 
follows : 

1. Covers were placed over and 2 feet above the standard liquor 
tanks on the pan floor. This restricted opening allowed the steam to 


escape without condensing and prevented the entrance of dust-laden 
air. 


2. Great care was exercised at the centrifugals to prevent water 
and sugar accumulation on the curb of the machine from dripping 
into the basket during purging of the strikes. 

3. Cleaning the wet-sugar scroll every shift was made a matter 
of routine. Similarly the wet elevator was washed periodically. 

4. All windows and doors that allowed outside air currents to 
come in contact with exposed sugar or filtered sirup were equipped 
with air filters or kept closed as much as possible. Special care was 
exercised in this respect during windstorms. 

5. The practice of cleaning up the sugar scales and sewing ma- 
chine with a blast of compressed air was found to be extremely bad 
practice and was discontinued. 

6. The granulator air filters were overhauled and all places 
which might admit unfiltered air were sealed over. 

A glance at figure 1 shows that under this program we succeeded 
in decreasing the average mesophillic bacteria count from 478 in 1938 
to 210 in 1939. However this was not enough and it was found neces- 
sary to make some changes in existing equipment: 

1. The wet-sugar seroll was covered in such a way as to exclude 
all drips from the floor above and at the same time carry away any 
condensate formed on the inside of this cover. 
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2. Both sugar elevators, which were so constructed that their 
high speed and tight housings set up very definite air currents, were 
enlarged and run at slower speeds. 

3. The wet-sugar hopper was discarded and the sugar dis- 
charged directly from the wet elevator into the granulator. 

4. The booster fan in back of the air filters was so regulated 
that a slight pressure was maintained at all times on the granulator. 
This, we believe to be of considerable importance as it prevents un- 
filtered air from entering through openings in the granulator hous- 
ings. 

Referring again to figure 1, installation of these mechanical im- 
provements and maintenance of strict bacteriological control over the 
eentrifugals, wet-sugar-conveying machinery, and bagging room re- 
sulted in an average bacteria content of 97 for the 1940 campaign as 
compared to 210 the previous season. 

We have not found yeast contamination to be a problem at any 
time during our work. In fact we have never observed more than 2 
yeast colonies in any sample of sugar examined and those colonies 
only in very isolated eases, on the other hand, mold contamination is 
a constant menace. Generally speaking, all of the precautions ob- 
served in the production of sugar low in bacteria at 37° C. are appli- 
eable to the making of sugar low in mold spores. Dust and burlap 
fuzz which, to some extent is unavoidable in the sacking and sewing 
room, are large contributors to high mold counts. For example, a 
piece of burlap 3 inches square from a new bag analyzed as follows: 





"'Thermophillic aerobes Thermophillic 
9 Square Inches anaerobes 


Total Flat Percentage of Bacteria 
count sours tubes positive at 37° C. Yeasts Molds 





100 2,500,000 0 1,000 





The answer to this situation is obviously to bag more sugar in 
cotton or paper bags in a room isolated from the rest of the bagging 
equipment. 

Table 8 contains a brief summary of the foregoing discussion. 


Disinfecting Granulated Sugar 


Because of the difficulty experienced with existing equipment 
in producing sugar free of molds, attempts were made in our labora- 
tory to destroy with ozone these spores in the finished sugar. For 
this experiment a special 20-tube, blower-type ray ozone generator 
was obtained. The sugar was treated at 70 and 110 volts, in dry, 
moist, and wet conditions. Table 9 shows averages of the results 
which were obtained. 
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Table 9.—Sugar treated with ozone. 





Molds per 10 gm. sugar 





Sample Time of 
number treatment Voltage Condition Treated Untreated 





sec. 7 dry 80 65 
min. 70 dry 15 15 
min. 110 dry 0 
min. 110 dry 15 
min. 110 moist 0 
min. 110 wet 75 
min. 110 wet 25 
sec. 110 vibrating 45 


3 


NF Nee OS 


= 
= 





It may be noted that in most cases there was a very slight de- 
erease in mold count. However, this decrease was no greater than 
the probable experimental error. Also it may be observed that in no 
ease, where the original contamination was above the maximum set 
by the standards, did the ozone treatment bring the sugar within the 
accepted specifications. 

Ultra-violet radiation has been tried in several factories at vari- 
ous stages throughout the process with some success. This prompted 
an experiment in our laboratory in which we attempted to lower the 
mesophile and mold count on sugar which had been stored in the ware- 
house for about 6 months. For this purpose we obtained a standard 
sterilamp with an effective tube length of 20 inches, operating on 110 
volts A. C. current which produced 80 percent of the radiant energy 
in the region of 2550 angstrom units. In sterilization of sugar by a 
lamp of this type, all surfaces of the crystal should be exposed to the 
direct ray. To accomplish this, several set-ups were devised, one of 
which will suffice for illustrative purposes. 


A trough was constructed 3 inches wide, 3 inches deep, 3 feet 
long, open at the top and closed at both ends. This trough was 
mounted horizontally upon a vibrating machine and a weighed amount 
of sugar introduced. The tube of the sterilamp was fastened directly 
above the trough and 5 inches from the sugar. The vibrator was 
started and the trough was made to incline slightly causing the sugar 
to travel slowly back and forth. This was so arranged that the sugar 
traveled a distance of 6 feet each minute. Thus it formed a very thin, 
evenly distributed layer as the vibrating crystals traveled from one 
end of the trough td the other. In both tests shown in table 10 the 
exposure time was 20 minutes and the sugar made 20 trips back and 
forth under direct exposure of the full length of the tube. This is 
equivalent to a total effective exposure of 65 feet with the crystals in 
constant motion. 


All of our experiments with ultra-violet light gave approximately 
the same results as were obtained in table 10. In no ease did the 
radiant energy have any effect on the mold spores nor did the treated 
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Table 10.—Sugar treated with ultra-violet light. 





Weight of Bacteria 
Sample sugar at 37° C. 





No. 1 untreated | 150, spreaders 5 
No. 1 treated 100 gm. 146, spreaders 15 


No. 2 untreated 480 55 
No. 2 treated 50 gm. 510 55 





sugar become low enough in bacteria at 37° C. to be acceptable for 
beverage manufacture. 


It is an established fact that many of the mesophillic bacteria 
contained in dry sugar die off during long storage periods. However, 
the extent of this decrease does not seem to be an arithmetical func- 
tion of the total count before storage. Generally speaking, those 
bacteria which are able to survive the long dry storage periods are 
undoubtedly spore formers and the fewer these spore-forming types 
originally present the greater will be the decrease in the stored sugar. 
We should not expect a decrease in thermophillic contamination since 
in this case only the spores are counted. Moreover, we have not ob- 
served any noticeable decrease in mold count after storage. 

The fact that all spores are much more resistant to destruction 
than bacteria in the vegetative state, perhaps explains the reason that 
considerable numbers of bacteria are killed in newly produced sugar 
by means of radiant energy, while under controlled experimental 
conditions we were able to show very little destruction of those spores 
remaining after storage. 


Conclusion 


In the modern sugar refinery, thermophillic bacteria enter the 
process with the sugar beet. Mesophillic bacteria, yeasts and molds 
originate at the white mixer, centrifugals, sugar-conveying equipment, 
and bagging room. From a consideration of the origin of these two 
groups of micro-organisms, it is evident that there is no correlation be- 
tween their respective counts in the final granulated sugar. 


It is our opinion that treatment of granulated sugar for the 
purpose of lowering the bacterial count by ozone or radiant energy 
is not commercially practicable. 

We believe the answer to this problem is to produce bacteria- 
free sugar by: 

1. Elimination of thermophiles by efficient filtration. 

2. Elimination of the mesophiles, yeasts, and molds by strict 
sanitation and bacteriological control at the sources of contamination 
between the white pan and the bagged sugar. 





The Relationship and Significance of Car- 
bonate and Sulfated Ashes and the Ap- 
proximate Salt Content of Beet Sugars, 

Sirups, and Molasses’ 


CHARLES A. Fort ANp SAM BYALL?2 


The ash content of agricultural products and by-products of all 
kinds is such an ancient and common concept that in general it is ac- 
cepted as being a rather definite measure of mineral content and 
degree of purity. Chemists have realized for 20 years that the sim- 
ple carbonate ash does not give a true measure of mineral content of 
some products, although in other instances it is quite satisfactory. 
This discussion will be largely confined to sugar-beet products, but 
necessarily some of the general considerations will also have to be 
taken into account. 


First of all, let us define the true mineral content and the theo- 
retical carbonate ash as being synonymous and meaning the total in- 
organic elements or minerals plus the carbonate residue of organic 
salts. The actual determined carbonate ash from a given amount of 
mineral content is influenced by the composition of the original salts, 
the proportion of accompanying organic material, and the technique 
and temperatures used in ignition. 


The presence of magnesium, and to a lesser extent that of cal- 
cium, in significant proportions, is especially likely to produce a mis- 
leading ash value. In most instances, magnesium occurs in the ash as 
the oxide, and frequently a portion of the calcium is also weighed 
as the oxide. This condition is very little improved by recarbonating, 
if the ash is again ignited at high temperatures. Wichmann has sug- 
gested that ignition after recarbonation should be at 250° C. or below 
the decomposition temperature of magnesium carbonate. He has also 
indicated that values so obtained may be higher than a true carbon- 
ated ash because of residual water of hydration or the presence of 
acid salts. A suitable method for obtaining a fully carbonated ash 
is still to be found, but even if found it still would not give a result 
representative of the true mineral content under certain cireum- 
stances which will be considered later. Some idea of the effect of 
magnesia on ash values may be had from the example of 2 products 
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with the same mineral content but consisting in the one case of 1 
percent potassium sulfate and in the other case of 1 percent mag- 
nesium chloride; the corresponding ashes would be 1 percent and 
0.42 percent, respectively. 

With increasing ratios of carbonaceous material to minerals there 
occurs increasing decomposition and losses of sulfate and sulfite 
radicals and their substitution by the lighter carbonate radical. Tak- 
ing a simple example again, if a sugar contained 100 parts per mil- 
lion of potassium sulfate the ash obtained would not be this amount 
but would approach 79 parts per million, the equivalent weight of 
potassium carbonate. 


Further, there are variable losses of the chloride radical resulting 
from the substitution of the lighter carbonate radical. This condition 
is intensified if the ash has a low, natural alkalinity. It is these 
losses of sulfur compounds and chloride that make even a fully car- 
bonated ash still below the true mineral content or theoretical car- 
bonate ash as defined. 


All this is entirely independent of the personal element in pre- 
venting mechanical and weighing errors and the losses of so-called 
organic sulfur and phosphorus. The object of these remarks is not 
to diseredit confidence in ash values but to make it clear that they 
do not always represent the true mineral content nor bear any uni- 


form relation thereto. The unfortunate part is that ash values are 
often used to define grades or to indicate purity of products which 
differ in salt composition as a result of agronomic conditions in the 
different areas where produced. Then products containing mostly 
minerals of the fixed type, such as potassium sulfate, will tend to 
show a high ash value and, therefore, a lower indicated purity than 
the product from an area where it has a high content of magnesium 
or organic salts which yield a misleading low ash. From actual analy- 
ses of commercial molasses, it is evident that some samples of lower 
ash are higher in mineral content than other samples of higher ash. 
So care should be taken when judging the mineral content or purity 
of products by ash determinations. 


Sulfated ash content may be defined as the weight of the metal- 
lie bases as sulfates and phosphates. All the common acid radicals 
are replaced by the sulfate ion with the exception of the phosphate. 
In beet products following carbonation, phosphates are present only 
in traces and the sulfated ash of these products is therefore a direct 
comparative measure of the amounts of metallic bases present, for 
they are all weighed as sulfates. The sulfated ash is equal to or 
higher than the true mineral content, and part of its value as a de- 
termination lies in the fact that it does give a measure of the metallic 
bases on an almost uniform basis, while in carbonate ash the metallic 





PROCEEDINGS—THIRD GENERAL MEETING 491 


bases are weighed as an unknown mixture of oxides, carbonates, chlor- 
ides, sulfates, phosphates, ete. The sulfated ash has a further ad- 
vantage in being relatively non-hygroscopic, thus can be weighed with 
more accuracy. It provides an excellent means of comparing mineral 
eontent of materials, even though it exaggerates this content some- 
what in most eases. 


There are certain points in regard to the determination of sul- 
fated ash which should be mentioned: In general it is best to ignite 
the material until essentially free from carbon before sulfating. In 
special instances it is desirable to add sulfuric acid direct to the sam- 
ple as a means of speeding up the ignition but the ash so made must 
be resulfated after it is free from carbon. Where the quantity of ash 
is high, it is advantageous to use an aleohol-sulfuric-acid mixture for 
sulfating rather than to add any water to the ash. This reduces the 
difficulties of re-introducing the ash into the muffle without losses 
due to decrepitation. Ignition after sulfating should be for 2 hours 
at 600° C. to insure complete transformation of acid sulfates. Only 
the central part of a muffle should be used, as temperatures at the 
front and back may be considerably below that desired, with subse- 
quent high weights due to residual acid salts that escape decomposi- 
tion. 


It has been customary to deduct a particular proportion of a sul- 
fated ash, most commonly 10 percent, to make an approximation of 
carbonate ash. If by carbonate ash we mean the determined carbon- 
ate ash, this procedure is especially misleading, but if we mean the 
true mineral content or theoretical carbonate ash, then, on the av- 
erage it may be a fair approximation. There is, of course, no uniform 
correlation between sulfated ash and either determined or theoretical 
carbonate ash and the use of a factor is not really justified. If the 
original salts were principally sulfates and phosphates, then the car- 
bonate ash and sulfated ash may be almost identical, while if the 
original salts are mostly organic, then the carbonate ash, both deter- 
mined and theoretical, may be 20 percent or more below the sulfated 
ash. 

We have previously defined mineral content and theoretical car- 
bonate ash as the inorganic elements plus the carbonate residues from 
organic salts. Determined carbonate ash is variably below this value 
and sulfated ash usually above this value, for reasons already dis- 
eussed. We have a fourth concept to consider, that of the salts them- 
selves. Usually salt content is above sulfated ash. There are excep- 
tions, for instance when the chloride content is high and again when 
the combined organic acid has a combining weight below 48, but in 
most vegetable materials the organic acids are generally complex and 
high in combining weight and chlorides do not predominate. In us- 
ing carbonate ash as a means of judging purity of a product one may 
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be much in error. If the salts are principally inorganic, then the salt 
content and ash may be in fair agreement, but it is not likely. Since 
the salts present are usually high in organic salts, then certainly car- 
bonate ash gives a very poor indication of purity. In one instance 
carbonate ash may represent that same amount of salts and in another 
ease be the residue from double the quantity of salts. Thus, two pro- 
ducts of equal quality as judged by carbonate ash may be widely 
apart in actual purity. 


Total salts, including the organic salts, cannot be determined 
directly but they may at least be approximated. The combined or- 
ganic-acid radicals are directly related to the true alkalinity of a 
carbonate ash. Under some conditions the total alkalinity of the ash 
may include that derived from the replacement of portions of the 
original chloride, sulfite and sulfate radicals by carbonate or oxide, 
so correction must be made for alkalinity derived from these sources. 


Usually a titrated ash alkalinity is corrected on the basis of de- 
terminations of chloride, sulfite and sulfate on the original sample 
and determinations of chloride and sulfate on the ash. The modified 
procedure that we recommend involves the determination of the 
original chlorides, sulfites and sulfates as usual, then the sulfated ash 
and the sulfates of the sulfated ash. This eliminates only one deter- 
mination, but the sulfated ash is essential for the calculation of total 
salts. The total sulfates content of the sulfated ash less the original 
sulfates and the sulfate equivalents of the original sulfites and chlo- 
rides is the value of the true alkalinity expressed as sulfate. In sym- 
bols this reads as follows: 


True ash alkalinity as equivalent SO, = 
SO, of sulfated ash—(Orig. SO,;+Orig. SO, x 1.25+-Orig. Cl x 1.13) 


The value obtained may be used as it is, for expressing compara- 
tive amounts of organic-acid radicals, or it may be calculated to the 
equivalent of the known or probable organic acid present. In the case 
of sugar-beet products, while many organic acids have been isolated 
and identified, it would be difficult indeed to determine them on 
individual samples, so just to make the picture somewhat more realis- 
tic, it seems proper to select arbitrarily a reasonable value for the 
average combining weight of the organic acids involved. The as- 
sumed combining weight that will be used in this diseussion is 80, 
for the organic acids remaining in the products following carbona- 
tion are believed to be relatively complex and to a considerable extent 
nitrogenous. (Oxalic acid, which has a low combining weight, is 
largely eliminated in juice clarification.) Using this 80 combining 
weight, then the figure for organic-acid radicals is equal to twice 
that for the true ash alkalinity, as SO. 
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It is now possible to make an approximation of the total salts 
from the data on hand from this procedure of determining true ash 
alkalinity. The caleulation is as follows: 


Total salts—Sulfated ash+True alkalinity as SO, x 0.8— 
(Orig. Cl x 0.35+ Orig. SO, x 0.50) 


Similarly it is possible to calculate the theoretical carbonate ash 
or mineral content as defined earlier, thus: 


Theoretical carbonate ash or true mineral content —= 
Sulfated ash—(True alkalinity as SO, x 0.45+Orig. Cl x 0.35 
+ Orig. SO, x 0.50) 


It may be noticed that the compounds of phosphorus have been 
left out of consideration. There are some reasons for this: First, in 
sugar-beet products following juice clarification phosphates are pres- 
ent only in traces; second, the exact form in which phosphorus is com- 
bined in ashes is uncertain, as yet, but it appears likely that the com- 
bining weight of the phosphorus-compound radical may be reasonably 
close to that of the sulfate radical so that, even if phosphates are ig- 
nored, the caleulations of total salts and total minerals may not be 
significantly in error. Also, it should be realized that in these pro- 
posed calculations the normal neutral salts are assumed. 


We now consider the relationship of determined and theoretical 
carbonate ash, sulfated ash and total salts on the basis of some simple 
composition. Assuming mixtures of potassium salts consisting of (1) 
sulfates and organic salts, and (2) chlorides with organic salts, we 
can make two sets of typical curves. 


Figure 1 is for different proportions of sulfates and organic 
salts with a constant total potash content. We note first that sinee 
the total potash content is taken as constant, then the sulfated ash 
must also be constant. With increasing proportions of organic salts 
the theoretical carbonate ash decreases to a low representing 100 per- 
cent potassium carbonate. The determined carbonate ash, where the 
ratio of carbonaceous material to minerals is high as in sugars, will 
approach a line drawn at the potassium-carbonate level representing 
complete replacement of the sulfate radical by carbonate. Note that 
under any condition the determined carbonate ash approaches the 
theoretical ash as the proportion of organic salts increases. The total 
salts, using the 80 combining weight for the organic radical, increase 
rapidly so that the determined ash becomes a very poor indicator of 
purity when organic salts are high. 


Taking the example of mixtures of potassium chloride with or- 
ganic salts, figure 2, the same general situation holds. However, due 
to the weight of the chloride being lower than the sulfate, the curve 
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Figure 1.—The relationship between ash values and salts for mixtures of potas- 
sium sulfate and potassium organic salt with total KeO constant. 
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Figure 2.—The relationship between ash values and salts for mixtures of potas- 
sium chloride and potassium organic salt with total KeO constant. 
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for total salts starts below that for sulfated ash and as organic salts 
inerease, the former crosses the latter. Further, the smaller differ- 
ences in weight between chloride and carbonate make the discrepan- 
cies between theoretical and determined carbonate ash small even if 
all the chloride were lost in ashing. Sulfites present a similar pic- 
ture intermediate between the chloride and sulfate curves. In all 
three examples or any combination thereof the total salts increase 
progressively with increase in organic salts, attaining a point 37 per- 
cent above sulfated ash and 72 percent above determined and theoreti- 
eal carbonate ash. As many sugar products are high in organic salts, 
these curves show how poor an indication of their purity is given by 
ash determinations. 


We can now take a look at some actual determinations made on 
beet sugars, sirups, and molasses. Table 1 gives the average figures 
for 5 sugars low in organic salts in comparison with those for 5 sugars 
high in organic salts, and also the average figures for the 83 sugars 
from the different factories for the 1940 campaign. Analytical meth- 
ods are not so perfected that these values may be considered absolute, 
but it is felt that they represent the true trends. Note that the de- 
termined carbonate ashes are very low compared with the theoretical 
carbonate ash, indicating a nearly complete loss of sulfur compounds 
and chloride. Analytical tests on ashes showed this to be true in the 
ease of sulfur compounds; tests were not made for chlorides. The 
smaller difference between the determined and the theoretical car- 
bonate ashes in the example where the organic salts are high is in 
line with the curves just shown. You will note too that the group of 
sugars with the high organic-salt content gave a lower, determined, 
carbonate ash than the other group of sugars which had a slightly 
lower, total, salt content. The latter part of the table shows the pro- 


Table 1—Ash and salt relationships on beet sugars. 








Average of Average of Average of 
5 sugars with low 5 sugars with high 83 sugars 
organic salts organic salts 1940 
Percentage of organic 
salts on total salts 8 72 47 
percentage percentage percentage 
Determined carbonated ash 0.0087 0.0071 0.0098 
Theoretical carbonated ash 0.0106 0.0080 0.0112 
Sulfated ash 0.0112 0.0093 0.0125 
Calculated total salts 0.0110 0.0115 0.0141 





Relation to theoretical carbonate ash 





Determined carbonated ash —18 —11 —13 
Sulfated ash +6 +16 +12 
Total salts +4 +44 +26 





Note: Organic salts calculated on basis of corrected ash alkalinity and equivalent 
organic-acid radical of 80 combining weight. 
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portional differences between the values found. Especially note the 
large proportional differences between total salt content and the ash 
values. The effect of chlorides in the caleulation of total salts is 
evident in the sugars of low organic-salt content where the estimated 
total salts are a shade below sulfated ash. 


In table 2 are shown similar data for thick juices or sirups. 
Since only 15 samples were studied, the contrasts are not so great 
as for the sugars, but they indicate the same trends. Because of the 
much lower ratio of sugar to ash, the differences between determined 
and theoretical carbonate ash are small. Analytical determinations 
on the ashes confirmed the fact that the losses of sulfur compounds 
and chloride had been low. This better agreement would also be ex- 
pected because of the generally high proportion of organic salts. The 
contrast between salt content and carbonated ash is greater than for 
the sugars. 


Table 2.—Ash and salt relationships on thick juices. 








Sirup with Sirup with 
lowest organic highest organic Average of 
salts salts 15 sirups 
Percentage of organic 
salts on total salts i) 92 79 
percentage percentage percentage 
solids solids solids 
Determined carbonated ash 2.151 2.170 2.338 
Theoretical carbonated ash 2.240 2.212 2.398 
Sulfated ash 2.652 2.762 2.194 
Total salts 3.218 3.696 3.676 


Relation to theoretical carbonate ash 





Determined carbonated ash 





=é = 9 = 8 
Sulfated ash +18 +25 +22 


Total salts oH +67 +53 





In table 3 are given the corresponding values as determined on 
non-Steffen beet molasses. Theoretical and determined carbonate 
ash agree even more closely than on the thick juices, and again the 
contrast between ash determinations and salt content is very great. 


These sugars, sirups, and molasses are not directly comparable, 
since they are not from the same factories, but one trend in the fig- 
ures is so pronounced that it is likely to hold true for the products 
of individual factories. This is the generally lower proportion of 
organic salts in the sugars as compared with the sirups and molasses. 
Apparently the sugar in crystallizing takes up the mineral salts to a 
much greater degree than the organic salts, in spite of the fact that 
the latter are in greater concentration in the sirups. More compre- 
hensive studies along this line are planned. 
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Table 3.—Ash and salt relationships on beet molasses (non-Steffen). 


Molasses with Molasses with 
lowest organic highest organic Average of 
15 molasses 


Percentage of organic 


salts on tctal salts 60 94 77 
percentage percentage percentage 
solids solids solids 
Determined carbonated ash 19.11 12.24 14.69 


Theoretical carbonated ash 19.90 2.23 15.08 





Sulfated ash 15.27 18.40 
Total salts 20.72 22.56 
Proportional relation to theoretical carbonate ash 

Determined carbonated ash —4 +0 —2 
Sulfated ash +19 +25 +22 
Total salts +36 +69 LO 









In conclusion, some comments should be made on conductivity- 
ash factors. Considering the variable relation of determined carbon- 
ate ash to mineral content and salts, it is evident that, with every- 
thing else equal, conductivity cannot be expected to correlate per- 
feetly with ash determinations. Add to this the varied effect of dif- 
ferent ions on conductivity and it becomes really remarkable that a 
reasonably uniform correlation would be possible. As you know, 
there is a fair degree of uniformity even in the simple ash-conduc- 
tivity factors for beet sugars which is improved when based on sul- 
fated ash. The correlation of conductivity with estimated total salts 
showed about the same variability as found in the ease of carbonate 
ash. 

That the relatively low conductivity of organic-acid radicals 
affects the conductivity-ash factors is shown in the data obtained this 
past season. Ten sugars with low proportions of organic salts gave an 
average sulfate ash-conductivity factor of about 225 when compared 
with 10 sugars of high organic salts having an average factor of 200. 
The corresponding carbonate ash-conductivity factors were respective- 
ly 290 and 250. Sirup and molasses conductivities indicated this samé 
trend. On all products some individual samples gave factors which 
were extreme without any explanation being apparent from the com- 
position found. 

Summary 

1. Theoretical carbonate ash or mineral content is defined as 
the total content of inorganic elements plus the carbonate residues of 
organic salts. 

2. Determined carbonate-ash values are usually lower than the 
theoretical ; the amount of the difference is variable both as to weight 
and proportion. 

3. The most pronounced differences oceur when (a) magnesium 
content is high, (b) the ratio of carbonaceous material to ash is high, 
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and (c) the ash alkalinity is low. Magnesium is commonly present 
in the ash as the oxide, unless the ignition following re-carbonation 
is at a relatively low temperature. Sulfates and sulfites are largely 
lost and replaced by carbonates when the product tested is extremely 
low in ash, as are sugars. Chlorides are lost to a variable degree and 
substituted by carbonates unless large excesses of free alkali are pres- 
ent. The losses of sulfur compounds and chlorides make even a com- 
pletely carbonated ash low as compared with the theoretical. 

4. The agreement of the determined and theoretical carbonate- 
ash values is impreved as the proportion of organic salts increases. 

5. Sulfated ash is an almost perfect measure of the amounts of 
metallic bases present. It is the same as, or higher than, the theoreti- 
eal carbonate ash and nearer to the salt content, but not uniformly 
correlated with either. 

6. When the proportion of organic salts is high both determined 
and theoretical carbonate ash give a poor indication of the purity of 
the product tested. Sulfated ash is better but still too low. 

7. Combined organic-acid radicals, theoretical carbonate ash, 
and total salts may be caleulated on the basis of sulfated ash and 
corrected ash alkalinity. A modified method of determining true 
ash alkalinity has been outlined. 

8. The proportion of organic salts to inorganic is much lower 
in beet sugars than in the sirups from which they are crystallized. 

9. Conductivity-ash factors are much influenced by the organic- 
salt proportion. 

10. The approximated salt content gives a truer indication of 
product purity than any modification of an ash determination. 
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Seasonal and District Variations in the Rate 
of Crystallization of Sucrose From 
Beet-House Sirups 


E. H. HUNGERFORD! 


The quantity of sugar which can be extracted from beets depends, 
theoretically, only on sugar content, losses, purity of purified juice, 
and the solubility of sugar in final molasses. Exhaustion of sugar 
in molasses to the limit of solubility, however, is never realized in 
practice because, at low purities, the rate of crystallization of sugar 
becomes vanishingly small. Qualitatively, mill operators recognize 
differences in erystallizability of sirups by differences in pan-boiling 
time, in pan yields, and particularly by differences in purity of final 
molasses. Unfortunately these estimates are strongly affected by 
variable operating conditions—variations in pan temperatures, vari- 
able amounts of grain, variable supersaturations, and others. A quan- 
titative estimate of erystallizability of sirups should be independent 
of operating conditions. It should measure crystallizability as a 
property of the sirup itself. 


The rate of crystallization of sugar from pure sugar solutions 
has been measured by several investigators. Kucharenko’s studies 
covered a wide range of supersaturations and temperatures and in- 
eluded a study of the effect of additions of a number of inorganic 
salts, as well as of invert sugar and caramel. Rates of erystalliza- 
tion of sugar from impure, naturally occurring juices have not been 
adequately studied. 


Two methods have been developed or adapted by this laboratory 
for the measurement of rate of crystallization. The first of these 
has been described previously.” 


This method, though laborious and time consuming, is the best 
available for the study of low-purity sirups when rates of crystalliza- 
tion of sugar from a sirup at a wide range of supersaturations and 
purities are desired. The second method, a modification of Kuchar- 
enko’s method, is best adapted to.a study of high-purity sirups, par- 
ticularly in cases where a comparison of several sirups under identical 
conditions of purity, temperature, and supersaturation is desired. 
The method has not been published. It is given in detail in the Ap- 
pendix to this paper. 


Chemist, Research Division, Great Western Sugar Company, Denver, Colorado. 


This paper was presented by S. J. Osborn, General Chemist, Great Western Sugar 
Company. 


*Ind. Eng. Chem. 23, 895, 1936. 


500 AMERICAN Society SuGar-Beet TECHNOLOGISTS 


In the first (low-purity) method, the sugar crystallized per unit 
time per unit surface is calculated from the rate of change of purity 
of mother liquor in the presence of a large, known number of crystals 
of known size. In the second (high-purity) method, the sugar ery- 
stallized per unit time per unit surface is caleulated from the increase 
in length, width, and thickness of a few measured crystals in the 
presence of a large amount of sirup. Both methods require painstak- 
ing care, particularly in the determination of true sugar and of dry 
substance of mother liquors.. The double acid method for sugar of 
Osborn and Zisch was used in most cases.* Some determinations of 
true sugar were made by the double enzyme method. Dry substance 
was determined by the method of Brown, Sharp and Nees.* 

Supersaturations are caleulated from solubility data of R. J. 
Brown and from data of the author who used Brown’s method.’ Su- 
persaturation coefficients as used in this paper are expressed as the 
quotient obtained by dividing the percentage dry substance of the 
sirup by the percentage dry substance in a saturated sirup of the 
same purity at the same temperature. Probably the most logical 
expression is one which expresses supersaturation in terms of grams 
erystallizable sugar per liter of mother liquor. The calculation is in- 
volved. The usual coefficient of supersaturation is obtained by di- 
viding the grams sugar per gram water in the sirup by the saturation 
number (g sugar per g water in a saturated solution) at the same 
temperature. In the latter case the solubility data of Hertzfeld for 
pure sugar is usually used and the assumption made that the satura- 
tion number is independent of purity. At moderately high purities 
this assumption is roughly justified, but not at low purities. The 
usual mode of expressing supersaturations gives very large coeffi- 
cients of supersaturation at low purities for a given amount of ery- 
stallizable sugar compared to the coefficients corresponding to the 
same amount of erystallizable sugar at high purities. The supersat- 
uration coefficients used in this paper correlate somewhat better with 
erystallizable sugar and are easier to calculate from solubility curves. 

Figure 1 shows the rates of erystallization of sugar from a 
Brighton factory sirup at 40° C. at purities ranging from 60 to 72 
and at supersaturations ranging from 1.0 to 1.08 (corresponding to 
usual supersaturation coefficients of 1.47 at 72 purity and 1.70 at 
60 purity). The curves cover a range of supersaturations well above 
those usually attained in factory operation. At purities above 65, 
rates of crystallization increase rapidly with supersaturation. At 
purities below 65, rates of crystallization increase much less rapidly 
with increased supersaturation. As molasses purity is approached, 


*“Sugar Analysis,” Zerban and Brown, 3rd Ed., p. 465, 1941. 
“Sugar Analysis,”” Zerban and Brown, 3rd Ed., p. 39, 1941. 
‘Brown, R. J., et al, Ind. and Eng. Chem. 20, 945-8, 1928. 
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Figure 1.—Effect of supersaturation on crystallization rate at constant temper- 
ature (40° C.) Rate expressed as grams sugar crystallized per hour per square 
meter of crystal area. 


rates of crystallization approach a maximum at about 1.07 (corres- 
ponding te about 1.6 in the-usual units). It has frequently been 
observed that at these low purities the rates of crystallization ap- 
proach low, constant values, characteristic of the sirup, but nearly 
independent of moderate changes in supersaturation, purity, and 
temperature. The curves also show the extremely large increase in 
rate of crystallization with increase in purity. 

Figure 2 shows the effect of temperature on rate of erystalliza- 
tion at constant supersaturation. The percentage dry substance is 
necessarily higher in the sirups at higher temperature than in those 
at the lower temperatures, both being at the same supersaturation, 
inasmuch as the solubility increases with temperature. The viscosity 
is likewise higher in the high-temperature tests, for, though viseosity 
diminishes with increasing temperature, it increases even more rap- 
idly with increasing percentage dry substance. The rate of erystal- 
lization, however, increases steadily with temperature. Evidently the 
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Figure 2.—Effect of temperature on crystallization rate at constant supersatura- 
tion. Rate expressed as grams sugar crystallized per hour per square meter of 
crystal area. 
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impeding effect of increased viscosity is less than the accelerating 
effect of increased temperature. The temperature effect on rate of 
erystallization is greater at the higher purities. 


The original purpose of our rate of crystallization studies was to 
study the effect of variation of factory processes (lime addition, use 
of carbon, ete.). 

In a series of laboratory tests diffusion juice was treated with 
quantities of lime varying from 0.4 percent to more than 2.0 percent 
CaO on beets. The true purity of the purified juices showed, in gen- 
eral, the expected rise in purity with increased lime addition as shown 
in figure 3. The purity rise is not regular. In the test illustrated 
by the curve, as in all others, elimination appears to occur in a step- 
wise manner. From 0.9 percent to 1.1 percent CaO on beets the pur- 
ity (true) remains constant at 93. Increasing the lime addition to 
1.2 results in an abrupt rise in purity of about 0.3 and remains rela- 
tively unchanged with lime additions up to 1.5. Further purity rises 
usually occur on increasing the lime addition to 2.0 percent and in 
some cases, but not all, on increasing lime addition to as much as 4 
percent on beets. Different diffusion juices showed this step-wise 
purity change, though not in the same degree, and not precisely at the 
same level of lime addition. The rate of crystallization of sugar from 
the sirups prepared with different lime additions, measured at identi- 
eal purities, likewise showed differences. 
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Figure 3.—Effect of variations in lime addition at first carbonation on purity 
of thin juice. 
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In Table 1 the erystallization rates at different lime additions 
are shown. The sirups were all reduced in purity by partial crystal- 
lization at 89 to 90 and adjusted to exactly 90 purity and 73.85 per- 
cent dry substance for the rate tests. These were made at 40° C. 
In every case high-lime addition was associated with diminished rates, 
though in most cases the differences were small. Rates are expressed 
in millimeters per hour increase in crystal length (direction of b-b 
axis). The most significant point brought out by these results is 
the consistency with which slower rates followed increased lime ad- 
dition—not the magnitude of the difference. 


Determinations of ash and of nitrogen in juices prepared from 
the same raw juice with varying quantities of lime indicate that the 
impurities eliminated by lime in excess of minimal quantities neces- 
sary for filtration are chiefly non-nitrogenous organic non-sugars. 
Some nitrogen, but practically no ash, is eliminated. The composi- 
tion of the total impurities in juices prepared with high-lime addi- 
tion is characterized by high-ash content. The percentage nitrogen 
on total impurities is usually slightly lower and the caleulated per- 
centage non-nitrogenous impurity other than raffinose is appreciably 
lower in juices prepared with high-lime additions. 


Higher, relative, ash content increases the solubility of sugar in 
sirups, hence in the tests shown in table 1, obtained at the same pur- 
ity and percentage dry substance, the supersaturations of the sirups 
prepared with high-lime additions were slightly lower. Highly ac- 
eurate solubility determinations could not be made with the small 
quantities of sirups available, but some fairly good tests were made. 
The saturation dry substance of a 90 purity beet-house (non-Steffen) 
sirup at 40° C. is, according to R. J. Brown, 71.70 percent. The 
sirups prepared with 1 percent CaO in the tests reported in this paper 
showed exactly this solubility. Those prepared with higher-lime ad- 
ditions showed progressively higher, saturation, dry substances up to 
71.95 at 2 percent CaO. The changed solubility may be calculated to 
account for at least 30 percent of the changes in rate found—in some 
cases more. The remainder of the rate change appears to be the di- 
rect effect of changed composition of impurities. 


In the experiments discussed above, the raffinose content was 
not changed by the treatment. In concentrations below 0.5 percent 
on sucrose the effect of raffinose on crystallization is small, though 
real. Small deviations cause too little effect to measure. As raffinose 
concentrations are raised to 1 percent or more, the effect on rate of 
erystallization becomes marked. The full effect of raffinose on ery- 
stallization rate can only be measured by measuring the rate of growth 
of the sucrose erystal in three dimensions. The vertical rate of in- 
crease on the alpha pinacoids (the large flat surfaces of the erystal) 
is most quickly and most seriously affected by increasing raffinose 
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Table 1.—Effect of variations in lime addition at first carbonation on crystallization 
rates from sirups, prepared from various beets, at constant purity, concen- 
tration and temperature. Crystallization rate expressed in millimeters per 
hour increase in length of b-b crystal axis. 


Percentage Percentage 
CaO Rote CaO Rote 
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concentration. Rate of growth of the crystal on the e- pinacoid is 
next, while rate of growth on the end prisms (prolongation of b- axis) 
is last and least affected by increasing raffinose concentrations. The 
changed relative growth rate of crystal faces results in the typical 
distorted erystal produced from sirups containing more than 1 per- 
cent raffinose on sucrose. At 40° C. the rate of growth of sucrose 
erystals from 90 purity sirups was reduced 50 percent on the a- 
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pinacoids, and about 30 percent on the a-b prisms by increasing the 
raffinose concentration from 0.44 percent to 1.03 percent on dry sub- 
stance. The tests were made at 1.04 supersaturation. At lower 
supersaturations the decrease in relative rate of growth on the a- 
pinacoids is even more marked. Under the conditions of the above 
test the time required to produce a crystal of a given weight is 
nearly 60 percent greater in the presence of 1.03 percent raffinose 
than in the presence of 0.44 percent. The time of boiling pans of 
such sirups will not, of course, be increased, by this amount, since in 
practice much of the diminished crystallization rate of the sirup will 
be overcome by increased supersaturations built up in the more slow- 
ly erystallizing massecuite. 



































Treatment of beet-house juices with large quantities of activated 
carbon improves crystallization rates. Sirups of 75 purity were treat- 
ed with 12 percent carbon on impurities, equivalent to about 5 pounds 
per ton of beets. Improvement in erystallization rates of from 30 
percent to 50 percent were found. Use of smaller amounts of carbon 
gave quite different results. Four pereent carbon on impurities, 
equivalent to nearly 2 pounds per ton of beets, caused improvements 
in crystallization rates barely large enough to measure. The effect 
of still smaller quantities could not be detected. 


It is evident that only very drastic changes in juice treatment 
cause appreciable changes in the rate of crystallization of sugar from 
sirups. Much greater differences in rate are found between sirups 
produced by the same process but from different beets. 

Figure 4 shows the rates of crystallization of several sirups made 
under essentially the same factory conditions but from different 
beets. The rates are measured at 70 purity, 40° C. and at a supersat- 
uration of 1.06 (equivalent to 1.33 in the usual units). Sirup No. 1 
was produced at Lyman, Nebraska, in 1933, sirup Nos. 3 and 6 were 
made at Brighton, Colorado, in 1933 and 1928, respectively. The 
other sirups were produced at Brush, Colorado, at different periods 
in the 1934 campaign. 










































































In this figure rates of crystallization ranging from 3 to 9 grams 
per square meter per hour are shown for sirups at the same purity, 
supersaturation, and temperature. Further data on rates of erystal- 
lization of sirups from different factory districts were obtained in 
1937. The sirups were taken near the end of the campaign and do 
not necessarily represent the average sirup produced. In this series, 
the rate of measurements were made at 75 purity, 1.05 supersatura- 
tion (corresponding to 1.24 in the usual units), and at 40° C. 

Sirups from the four northern Colorado factories showed nearly 
the same crystallization rates, 21 g/sq. meter/hr. The sirup from 
Brush in eastern Colorado and that from Fort ‘Lupton, Colorado, a 
factory with a somewhat mixed district, showed rates about 25 per- 
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Figure 4.—Comparison of crystallization rates at constant purity, supersatura- 
tion and temperature from sirups of various seasons and districts. Rate expressed 
as grams sugar crystallized per hour per square meter of crystal area. 


cent smaller, 16.5. The raffinose content was nearly the same in all 
Colorado sirups, 4.5 percent to 5.0 percent on impurities. The sirup 
from Hardin, Montana, showed a rate of crystallization significantly 
better than that of the best Colorado sirup (23.0). Its raffinose con- 


tent, however, was only 1.8 percent on impurities, which perhaps ac- 
counts for the difference. 


These measurements were made at exactly 75-percent purity. 
Rates fall off nearly 4 g per square meter per hour for each percent- 
age reduction in purity between 75 and 70 purity. 


The differences in crystallization rates between the sirups from 
northern Colorado and those from Brush and Fort Lupton are large 
enough to affect materially the sugar-end operations. Even greater 
differences are shown in the crystallization rates of sirups taken at 
different periods of the same campaign at the same factory. 


Table 2.—Rate of crystallization of sugar from beet sirup from various districts at 
constant purity, supersaturation and temperature. 





Percentage Rate of 
raffinose crystallization 
Factory on impurities 2/sq. meter/hr. 





Great Western 
Brush, Colo. 4.7 16.7 
Fort Lupton, Colo. 4.7 16.3 
Windsor, Colo. 44 20.8 
Eaton, Colo. 5.0 21.7 
Greeley, Colo. ; 4.9 21.4 
Brighton, Colo. 4.7 21.2 
Holly 
Hardin, Mont. 1.8 23.3 
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Figure 5.—Seasonal variation in crystallization rates from sirups from a single 
factory. Rate expressed as grams sugar crystallized per hour per square meter of 
erystal area. 









































Figure 5 shows the seasonal variation in crystallization rates of 
sirups produced at the Brush factory. These data were obtained 
in connection with a factory test of the use of very small amounts of 
earbon. Each sample of sirup accurately represents the house pro- 
duction for a 2-week period. A quarter pound of carbon per ton of 
beets was used in alternate periods. As may be seen by the graph, 
the seasonal variation completely obscured whatever effect carbon 
may have had. Crystallization rates increased regularly from Octo- 
ber 22 to November 25, then fell off in the period ending December 
6. The decreased rates of crystallization found in the final period 
are probably the result of a combination of causes: Deterioration 
of beets in piles, accumulation of deleterious substances in the sugar 
end, and possibly, some diversion of beets from other districts at the 
end of campaign. 
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The results shown in figure 5 were obtained with particular care. 
The solubility of sugar in each sirup was actually measured, hence 
the supersaturations are known to be correct. These results show 
the futility of basing estimates of the value of a process change on 
the operation of a sugar end when successive periods of operation 
must be compared. The most drastic modification of the purification 
process affects crystallization insignificantly compared to these enor- 
mous seasonal effects. The molasses purities during this test, though 
varying in the expected direction, did not show as great differences 
as figure 4 might indicate. The reason is that when slowly erystal- 
lizing sirups are encountered, supersaturations are carried higher, 
hence sugar is crystallized from them at higher supersaturations than 
from better sirups. Obviously, overcoming slow rates of erystalliza- 
tion by increasing supersaturation has its limitations. At very low 
purities, 63 and below, increasing the supersaturation has little effect. 
Moreover, the high dry-substance content accompanying high super- 
saturations increases enormously the viscosity of the mother liquor. 
Massecuites become difficult to centrifuge and raw sugar of low pur- 
ity inevitably results. 

Because rates of crystallization increase rapidly with purity, 
the effects of slow-crystallizing sirups are usually not serious in first 
boilings. Exeept in those houses where facilities for intermediate 


boiling are limited, the full effect of slow-crystallizing sirup is not 
seriously felt until the final, low-raw massecuite is reached. 


In Table 3 is shown a comparison of behaviors of two sirups in 
the erystallizer caleulated from rate data. One of these sirups is a 
good Brighton sirup, the second is a poor Brush sirup. The ealeu- 
lation is based on the following conditions: 


15 million erystals per liter ; 1.075 percent supersaturation at all 
times; (Mother liquor D. S. = approximately 87.0 percent at 65 
purity). 


It has been found that after raw pans have been dropped to 
erystallizer at 65° to 70° C. erystallization proceeds so rapidly that 
the supersaturation of the mother liquor is not maintained at the 
final raw-pan supersaturation, but falls off to a minimum of from 
1.02 to 1.05 in about 11 hours despite continued cooling. Easily 
erystallizing sirups sometimes reach a purity as low as 63, while 
slowly crystallizing sirups may not have been reduced as low as 65 
purity during this period. In this calculation, it is assumed that the 
sirup is 64 purity at the end of 11 hours and that the temperature is 
46.5° C., corresponding to a supersaturation of 1.075. The time nec- 
essary to reduce the mother-liquor purity from 64 to 59 and to inter- 
mediate purities has been calculated. To obtain 60 purity molasses, 
mother-liquor purity must usually be reduced to 59. 
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Table 3.—Comparative performances of a “good” and “poor” sirup in the crystallizer. 
Calculated hours required to reach a given purity of mother liquor at a 
given cooling rate. 


Rote Gn. /MYhr. Time Hours Temp. 

Purity Good Poor Good Poor 4 
64 4.0 20 O. 0. 46.5 
63 4O 20 425 
62 2.0 ZO 23 Sf 06 aa 
6/ /5 Q4 48 /5/ 340 
60 O5 O2 /23 340 300 
59 03 O/ 248 820 300 


As shown by table 3 the purity of mother liquor is reduced to 
59 purity in 25 hours in one case and in 82 hours in the second. In 
this caleulation optimum supersaturation is assumed, hence the time 








required for these ecrystallizers must be regarded as minimum. 
Brighton produced molasses of about 60.5 purity from the good sirup. 
Brush produced molasses of more than 62 purity from the poor one. 
The hours in erystallizer at both houses was about 50. 


The chemical differences in composition of impurities of beet 
juices which cause one sirup to be better than another are not known. 
The very slowly crystallizing sirups usually contain more ash. High 
raffinose, also, is often associated with difficultly erystallizable sirups. 
The effect of other constituents is less well established. We have 
seen that sirups, such as those prepared with low-lime additions, which 
contain more of the non-nitrogenous organic constituents, show better 
erystallization rates than those sirups which contain less. This indi- 
cates that the non-nitrogenous organic substances have less effect than 
ash on crystallization rates, but does not prove that they are without 
effect. Even less is known regarding the effect of nitrogenous com- 
pounds. The nitrogen content of impurities in the juices studied does 
not vary greatly. No correlation between nitrogen content and ery- 
stallization rate has been found in these limited experiments. 


The conclusion to be drawn from this study of erystallization 
rates is that the problem of improvement in this quality is a problem 
connected with the improvement of beets rather than one of modifi- 
eations of factory operation. 
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APPENDIX 


Determination of Rates of Crystallization of Sucrose 
Apparatus.—1. Crystallizer tube (see figure 6). 2. Constant- 


temperature bath having a clear space of at least 12” x 15” x 12” deep, 
controlled to 0.05° C. Suitable hinged holders for 6 erystallizer tubes 
are mounted in the bath at a height sufficient to keep the tubes im- 
mersed to within 1 to 14 inch of the top. A crank shaft is mounted 
on the top of the bath to which tube pistons may be quickly attached. 


Length of stroke, 2 inches. Speed, 7.5 r.p.m. 


Preparation of Sirup.—Concentrate a quantity of the juice to 
be tested by evaporation under reduced pressure. Determine accur- 
ately the true purity of the sirup (double acid or enzyme true sugar 
and accurate dry substance by oven drying). Adjust the purity to 
the desired purity by addition of the calculated amount of pure sugar. 
Adjust the dry substance to give the desired supersaturation by evap- 
oration or addition of weighed quantities of water. Heat to dis- 
solve added sugar and mix thoroughly. Place 300 to 400 grams in 
a weighed stoppered flask. During the adjustment the dry substance 
will usually have changed. Determine the dry substance again, add 
accurately the amount of water necessary to bring the dry substance 
exactly to the desired value. Stopper tightly and suspend in a water 
bath at a temperature at least 10° higher than the saturation tem- 
perature. 


Preparation of Second Crystals. — Select from a commercial 
coarse sugar (Confectioner’s A) a number of unbroken, clean crystals. 
Suspend them in a saturated sugar solution. With constant shaking, 
warm to a temperature a few degrees above saturation temperature 
(to dissolve surface dust). After 10 to 20 minutes, cool to a tempera- 
ture about 10° below saturation temperature, keeping the crystals 
moving by rotating the flask. (This operation is most easily per- 
formed by using the erystallizer tubes). After 1 hour drain the sirup 
off through a screen and carefully wipe the crystals with clean cloths 
(a painstaking task). The crystals should be clean and possess sharp, 
true edges. Crystals weighing 10 to 15 milligrams are convenient. 
Using a microscope with moveable stage and, preferably, a calibrated 
eye-piece scale, measure each crystal with a precision of .01 to .02 mm. 
in the following directions: With the crystal lying on the a-pinacoid, 
measure its length between the 2 end prism intersections (b). With 
the crystal in the same position, measure the width of the erystal 
along the edge of the easily focused ‘‘right’’ prism (c). (The ‘‘left’’ 
prism is usually truncated, top and bottom.) Support the crystal 
between 2 pieces of a microscope slide placed on another slide and 
measure the thickness of the erystal (a), perpendicular to the a- 
pinacoid. 





AMERICAN Society SuGAR-BEET TECHNOLOGISTS 





-# rth. 
A+2- 28 thd 
—, 6-32 rhd 




















-~40 thds fol” 
- Lasy tif 
— Graplited hber paching 


_ Drive Fit 


3 442°d plate, drive — 76° wall fod 


Fit @ so/der on s "| | #° Jobin bronze 8%" jong 


ee. True faces | 3° | 75 solid rubber packing 
7o lé? thickness 1 - £ wel/ 1s" od 


28 thd's fo 7" 











Zz Wall 13° ad. 


Make of brass 
exceot as orher- 


wise noted 


Hole/; . 
é 7oldin g pin 
3° *8 thd 2 so/der 











y “wall 13 “a 


16 r7esh .01/ A wire. 
alut 42° a. 
40 thds tol” 














~_s wre eee een enw eee en eee eee eee ene ewaua. 











CRYSTALIZER TUBE 
= —' GREAT bee > ‘ates SUGAR 


Drive 2 so/der fit RESEARCH LABORATORY 
Full Size 2-1939 


ay 
































Figure 6.—Design of crystallizer tube used in determination of crystallization 
rates. 
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Operation.—Place 1 to 5 measured seed crystals in the screen 
compartment attached to the piston of the erystallizer tube, figure 6. 
Shake the prepared sirup thoroughly and cool to a temperature just 
below saturation temperature. Remove the stopper and quickly fill 
the erystallizer tube to within 1 inch of the top. Quickly fasten on 
the cap which carries the erystal basket, place in the constant-tem- 
perature bath and attach piston to the crank shaft. Total operation 
should require less than 3 minutes. Record the time to the nearest 
minute, taken when the piston is attached. 


After 10 to 20 hours, remove the crystals and wipe them with a 
clean cloth. Record time. Measure the crystals as before. 


Calculation of Results——The formulae which follow are ecaleu- 
lated from the known axial ratios and inter-axial angles. 
Axial ratios: a:b :¢ :: 1.295 : 1.000 : 0.8782 
Inclination of a-axis—103°30’. 
The measurements taken are: Length (b)—measured along 
(a-a’) axis. 
Width (c)—measured along (c¢-c’) axis. 
Thickness (a)—measured perpendicular to the plane of the 
(b-b’) and (c-c’) axes. 


For simplicity, the crystal is assumed to be bounded only by 2 
a-pinacoids, 2 e-pinacoids and by 4 (a-b) prisms (110). Other small 
prism forms are neglected. 


By geometry : 
Volume—1.028 a b ec — 0.420 a? ec. 
Surface—2.057 (a + ¢) + 0.976 a ec — 0.840 a’. 


Assuming a fixed crystal habit, 2 axial ratios in length of crystal 
(b-b’) and 1 axial ratio in thickness and width (a-a’) and (ce-c’), the 
rate of growth in grams per square meter per hour may be determined 
by the rate of increase of length alone: 

db db 

1. Rate (g/M?/hr.) — 600 — , approximately, where — = rate 

dt dt 


of inerease of crystal length in mm. per hour. 


Equation (1) suffices where seed crystals are nearly alike in 
form and size and where only a comparison of 2 sirups is needed. 
The absolute value of rates given by equation (1) is high because 
seed crystals selected from commercial sugars have large pinacoid 
faces, hence a small rate of growth on them results in a dispropor- 
tionately large weight increase. An approximation somewhat better, 
though mathematically indefensible, is given by: 
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(da db de) 


2. Rate (g/M?/hr.) = 200 — + —+—. 
(dt dt dt) 


In this equation 


da db de 
—, — and — are, respectively, the rates of growth in thickness, 


dt dt dt 
length, and width in mm. per hour. 


If the caleulation of rate is based on crystal form in which the 
three dimensions of the crystal are assumed proportional to their re- 
spective rates of increase, the result is theoretically correct, because 
the form is the one actually developing in the sirup. 

da 


9492 (2.45 m — 1) n — 
dt 





3. Rate (g/M?/hr.) = 
m (n— 1) + 0.475 n — 0.408 


da 
= rate of increase in em/hr. 


dt 


/ 
/aa 


, 


dt 


da db de 
NOTE: —,—, — are rates of increase in em. per hour, 


dt dt dt 
not mm/hr. ) 


The time (T) required to produce a crystal of a given weight W 
(in grams) under the conditions assumed in equation (3) is: 


0.856 W! 





4 ¢ 
da 


[ (m — 0.408) n ]? — 
dt 


Equation (4) gives an inverse expression of rate of crystal growth 


without reference to surface area. By it the time required to produce 
a erystal of a form natural to the sirup in question under the condi- 
tions of the experiment is found. 





Harmful Constituents of the Beet—Factors 
Which Influence the Harmful Nitrogen 


ELIZABETH Ropoz! 


From the manufacturing point of view the non-sugar compounds 
of the beet are not of equal importance. Substances which remain in 
the pulp after the sugar extraction naturally have no disturbing effect. 
Substances in the diffusioa juice, which are precipitated with lime 
and the protein which coagulates when lime is added at a certain pH 
are not involved in the subsequent process of the manufacturing of 
sugar. The non-protein nitrogen compounds such as amino acids (as- 
paragin, glyeocoll, leucin) and betain, allantoin, ete., cannot be pre- 
cipitated and therefore are carried over into the thin juice. These are 
harmful because they prevent the crystallization of the sugar, thereby 
forming molasses. Some of the soluble ash, such as sodium, potassium 
chloride, and organic potassium salt, are also molasses forming. Our 
present study is devoted entirely to the harmful nitrogen. 


Chemical Methods for Determination of Harmful Nitrogen 

There are several methods which can be used for the determina- 
tion of the harmful nitrogen. 

The Stutzer-Barnstein Andrlik (1) method determines the harm- 
ful nitrogen indirectly by subtracting the protein, the ammonia and 
one-half of the amid from the total nitrogen. This method is exact 
but tedious. In the factory during the campaign and in the breeding 
station for genetical work only methods which are rapid are practical. 

In response to this need, I attempted in 1932 and 1933 to per- 
fect a method for quick determination of harmful nitrogen. The 
experiments showed that when we treat the sugar solutions with ecop- 
per sulfate and sodium hydroxide we always have a positive correla- 
tion between the blue color and the analytically determined harmful 
nitrogen. (In other words the darker the color the higher the amount 
of harmful nitrogen.) The solutions were measured in Stammer 
Colorimeter (2) and for comparison we used auramin and water blue 
in a gelatin mixture. But because the shade of the blue filtrate was 
sometimes greenish (3) not all the readings could be made from these 
plates. 

One year later in The Institute for Sugar Industry in Prague a 
colorimetric method based on the same principle was worked out by 
Stanek and Pavlas (4). They found the color of the mixture of the 
inorganic reagents cobalt-ammonium-sulfate and copper sulfate is 
comparable to the sugar-beet solutions to which copper nitrate and 
sodium acetate has been added. A standard series was made from 


‘Zuckerman Company, Stockton, California. 
*Figures in parentheses refer to Literature Cited. 
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the above reagents and it was recommended in the factory laboratory 
that the comparison be made in flasks with blue light on a white table. 
But as in the case of all colorimetric methods the reading with the 
naked eye is too subjective. In order to obtain satisfactory results 


we used the photocolormeter. 

However, the colorimetric method does not give any indication 
of the presence of some of the compounds which are shown to be pres- 
ent by the long quantitative method. As my artificial molasses ex- 
periment showed (5) glyeocoll, asparagine, glutamin, leucine, leucine 
Ca gave a blue color (and the results of the colorimetric reading were 
quite close to the results of the analytical method), whereas betain, 
glutiminie acid, ete. belonging also to the harmful nitrogen, did not 
give a blue color. All the compounds of the harmful nitrogen which 
do not give a blue color are present only in small quantity, except 
betain which was found to be about one-third of the total harmful 
nitrogen. But as indicated by the above mentioned molasses experi- 
ment and as also confirmed by Sorgato (6), and Stanek (7), betain 
has the smallest molasses-forming quality. What seems to be more 
important is the fact that betain is always in positive correlation with 
the other compounds of harmful nitrogen, which give a blue color. 

There are other methods for determining the harmful nitrogen. 
In the method developed by Vondrak (8), mercurous acetate and soda 
are used. 

All amino-acid determinations which are not specific to certain 
amino groups (like the ninhydrin reaction to ‘‘a’’ amino group) can 
be used for harmful N. 

The Van Slyke (9) method is based on the reaction between ali- 
phatie amino groups and nitrous acid whereby N is liberated as nitro- 
gen gas. 

In the Engeland (10) exhaustive methylation, the amino acids 
are methylated in alkaline solution with dimethylsulfate and the 
methyl-product can be isolated and weighed as Hg double salt. The 
principle of the Sorensen (11) method is, that when formaldehyde is 
added the basie character of the amino group is destroyed and the 
free carboxylic acid can be titrated with Ba(OH),. 

The Janke-Holota (12) macro and micro electrometric titration 
with glass ele. ‘rode is based on the same principle as Sorensen, but is 
more exact. All the salts, the acids of which are dissociated between 
pH 7-9 such as carbonate and phosphate are precipitated with BaCl. 
and Ba(OH),. the surplus of barium is removed with acidified 
Na.SO, and centrifuged. The supernatant liquid is titrated to pH 7, 
formaldehyde is added and titrated with n/10 NaOH to pH 9. 

These methods are also limited to certain compounds of harmful 
nitrogen and are not so well adapted to mass analysis as the colori- 
metric method. 
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Molasses Quantity Calculated from the Harmful Nitrogen 
It is possible to caleulate the probable amount of molasses quan- 
tity from the harmful nitrogen content by the Andrlik formula (13). 


Harmful N x 0.9 x 25 





Molasses = 
Molasses polarization 


This formula is valid only if we use the ‘‘long’’ method of Stut- 
zer and Barnstein. If the colorimetric method is used the factor 25 
should be corrected because in this method not all of the harmful 
nitrogen is included. The factor 25 has to be changed. The new fac- 
tor was derived empirically (14) from our data of the campaigns of 
4 years as follows: 


Average 
In order to make this factor generally applicable it is necessary 
to eollect statistical data from many regions where sugar beets are 
grown. 


Factors Influencing the Harmful Nitrogen 


Since the harmful nitrogen is an important characteristic of the 
quality of the beet it is necessary to investigate all of the factors 
which may influence it. 

These factors are: Climate, variety, soil, fertilizer, and harvest- 
ing time. 


Influence of Climate 

The climate has great influence on the harmful nitrogen. Beets 
grown in a hot, dry climate contain more harmful nitrogen than those 
grown in moderately cool climate with plenty of rain. Beets grown 
in Russia near the Dnieper River, in South Hungary, South Yugo- 
slavia, and in Italy have higher harmful N than those grown in any 
other part of Europe. Sorgato (15) compared the Italian beets with 
those from other countries and came to the conclusion that because of 
the climate the Italian beets have high harmful N. Ps 


Influence of Variety 

Like other qualities of the beet the amount of harmful nitrogen 
varies with the variety. However, variations exist within the same 
variety: When 300 individual beets from the same variety were ex- 
amined for harmful. nitrogen 48 percent were found to contain 30 
mg. per 100 grams of beet, 37 percent between 30 to 60 mg., and 15 
percent above 60 mg. Experiments completed with 11 varieties 
showed an average (16) as follows: 
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Lowest Highest 








Harmful nitrogen mg. Harmful nitrogen mg. 
Year per 100 gm. of beet per 100 gm. of beet 





1935 20. 53.5 
1936 20. 33.9 
1937 3.é 24.0 
1938 t 30.9 


This range is much greater when the varieties are planted in dif- 
ferent soils. According to a recent communication sent to me by the 
Hungarian Breeding Station ‘‘Beta’’ (17) in 1940 the beets showed 
a range between 9 to 100 mg. per 100 gm. beets. Urban (18) has es- 
tablished the fact that nitrogen in beet is hereditary. If the same 
ean be proved for harmful nitrogen, as it is reasonable to believe 
then the breeder has great possibilities of selecting varieties for low 
harmful N, as suggested by the wide range shown above. The diffi- 
culties in selection are recognized, namely to bring the harmful nitro- 
gen in ‘‘harmony’’ with other important qualities of the beet. Ras- 
musson (19) of Sweden observed that the well-shaped beets often had 
a higher, harmful, nitrogen content. According to Sorgato (20) of 
Italy the same strain which seemed to have a hereditary tendency 
for high sugar had likewise the same tendency for high, harmful ni- 
trogen. In other words, there is no one indirect correlation between 
sugar content and harmful nitrogen. However, Munerati (21) be- 
lieves that it is possible to obtain through careful selection, certain 
biotypes with consistently low, harmful nitrogen and fair sugar. 
Thus, in our selection we should think of the technical value of the 
beet in terms of the ratio of harmful nitrogen to sugar content. 


Influence of Soil 


The soil has also an influence on the harmful N, especially the 
nitrogen of the soil. In one of the factory districts of the company 
with which I was connected, the beets grown by all the farmers con- 
tained a normal amount of harmful nitrogen, except at the State 
Farm where horse manure was heavily used. The N content of the 
soil became 1 percent. The beets from this soil had 130 to 140 mg. 
harmful N per 100 gm. of beet (22). 


On the company’s own farm many investigations were carried 
out in order to study the influence of the nitrogen content of the soil 
on the harmful N. Data are represented from about 600 acres for the 
year 1933 in table 1 and show the results when no fertilizer was 
used. Table 2 shows data from about 3,000 acres for the year 1937, 
when nitrogen fertilizer was applied: 


Table 1: The highest, harmful N content corresponds to the 
highest soil N content. 
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Table 1.—Nitrogen content of the soil and harmful nitrogen of the beet. 





Nitrogen mg. Harmful nitrogen mg. 
per per 
Location 100 gm. of soil 100 gm. of beet 








Discussion of table 2: The soils are grouped according to the 
nitrogen content ranging from low to high. The higher N content 
of the soil did not produce higher harmful N, because where the soil 
nitrogen was low, more fertilizer was applied, and where the nitrogen 
content was higher, less or no fertilizer was given. This shows that 
a well-balanced fertilization applied according to the soil test can 
keep the harmful N about the same level. 


Influence of Fertilizer 


Fertilizer experiments were conducted using 8 replications with 
increasing amount of potash, phosphate, and nitrogen. It was done 
with E yield strain and Z sugar strain in order to study the effect of 
nutrition on the quantity and form of the nitrogen on both strains 
simultaneously. The results are given in tables 3, 4, and 5. The ab- 
breviations are N = Cal. Nitro with 17 percent N, P — Superphos- 
phate with 18 percent P.O; and potassium chloride with 40 percent 
K,0. 


Since this study is concerned with harmful nitrogen, the yields 
are not given. The sugar content is included because we cannot dis- 
euss the beet from any point of view without knowing the most im- 
portant characteristic of it, namely the sugar content. In order to 
get a true picture of the technical value of the beet, we present the 
ratio of harmful nitrogen to sugar content. We also give the rela- 
tionship between harmful nitrogen and total nitrogen as additional 
information. 


Potassium.—Table 3 shows the influence of potassium fertilizer 
on the nitrogen content of the beet. 


The effect of K on the total nitrogen was found to be significant 
in only one ease. But the effect on both harmful nitrogen and sugar 
content was significant in all cases with the E type and in two cases 
with the Z type. 
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As the amount of potassium in the fertilizer is increased, the 
sugar content goes up progressively from 14.76 to 16.07 for E strain 
and from 17.42 to 18.66 for Z strain. Expressed in percentage, this 
increase in sugar is 8.9 percent for the E type and 6.6 percent for the 
Z type. Thus we see that the E type response to potash is better 
than the Z type. We found in previous years in many experiments 
that the sugar content was increased by potassium (23). 


The ratio between total N and sugar decreased as the potassium 
is increased, but this is due only to an increase of sugar content ef- 
fected by the potassium. The ratio between harmful N and sugar 
represents a change in both constituents. Potassium decreased the 
harmful N sugar ratio with 41 percent for the E type and 25 percent 
for the Z type. Furthermore, the ratio between harmful N and total 
N is influenced by the potash, as shown in the last column of table 3. 
Since the total N is practically constant, and decrease in harm- 
ful N means an increase in protein (total N-protein—harmful N). 
In other words, the potassium exerted an influence on the molecular 
N formation in the plant. Similar observation was reported by Raut- 
erberg Loofman (24) with barley and grass. 


Phosphate.—The experiment with phosphate was carried out ac- 
cording to the same plan as described above for potassium, using 
increasing amounts of superphosphate. 

The results show the following: Phosphate decreased the total 
N only in one case; the harmful N in three cases, but only slightly. 
The decrease in ratio harmful N to sugar is due more to the sugar in- 
crease. However, the effect was far less significant than with potas- 
sium, despite the fact that for each experiment we selected soil which 
was known by chemical test and previous field experiment to have 
phosphorus and potassium deficiency, respectively. 


Nitrogen.—To study thoroughly the effect of nitrogen fertilizer 
on the harmful N, variously arranged experiments were conducted : 


1. Beets fertilized with nitrogen were compared with those with- 
out any fertilizer. 


2. Beets with complete fertilizer P, K, N, were compared with 


P, K as standard. 


Both experimental series 1 and 2 were carried out in two differ- 
ent fields: In one, comparing E yield type with Z sugar type, and 
in the other comparing E with ZZ, extreme sugar type. 


In another arrangement of the experiment, N was applied in in- 
creasing amounts up to very high quantities. This was done in order 
to find out to what extent the harmful N increases by adding a high 
amount of nitrogen fertilizer. The results are given in tables 5 and 6. 
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Table 5: The total nitrogen per sugar of the nitrogen-fertilized 
beets was higher than those without fertilizer in three cases and only 
in one case was it slightly lower. The harmful N per sugar was 
higher in three cases and lower in one case. In other words the 
quality is better without any fertilizer than with N application alone. 
Comparing N, P, K with P, K the total N per sugar was slightly 
higher in three cases while the more important harmful N per sugar 
was about the same in two cases and lower in two. Thus we see that 
when nitrogen is applied with P and K the quality is not inferior. 
To improve the quality, nitrogen should not be applied without P 
and K. 

Table 6: Nitrogen was given in increasing amounts up to 628 
pounds, which resulted in an increase in harmful nitrogen of 61 
percent. The maximum of the total nitrogen did not correspond to 
the maximum amount of fertilizer given, but to a smaller amount. 
After reaching an increase of 19 percent, the total N remains at about 
the same level. It is interesting to note that when the total N reached 
this limit the yield reached the highest point too, and still larger 
amounts of N fertilizer actually decreased the yield of the beet, but 
increased the leaves and tops. It is possible that if the vegetation 
time were longer, the translocation of N could oceur resulting in a 
higher yield. 

Influence of Harvest Time 

In order to study the effect of the harvest time on the nitrogen 
forms, samples were taken from several fields on September 1 and 
again on October 30. 

The results are given in table 7. (The lower total nitrogen in 
the October beets is explained by the fact, that between the sampling 
there was 162 mm. of rainfall. The beets absorbed water, subsequent- 
ly the dry substance became lower, likewise the total N.) More harm- 
ful nitrogen and higher ratio of it to total nitrogen were found in the 
September samples, than in the October ones. Two hypotheses can 
be given to explain why the harmful N was higher and consequently 
the protein N lower. 

1. In unripe beets the amino acids are not yet built up to pro- 
tein. However, Professor Roemer (25) maintains that in younger 
beets there is less harmful N and more protein than in the older. 

2. That dry weather is responsible for a high harmful N to total 
N ratio in the earlier beets; later the rain changed this ratio. 

As we see, the harmful nitrogen is more or less influenced by all 
growing conditions of the beet. Since the reduction of its quantity 
in the beet is important for the improvement of the technical value 
of the beet, we have to include the harmful-nitrogen tests in all our 
investigations. Beets, from experiments on variety, fertilizer, culti- 
vation, ete., should be tested for harmful N. Furthermore, for geneti- 
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Table 7.—Influence of the harvest time on the nitrogen content of the beet. 





Harvested in September Harvested in October 





5 zm. of beet) 
Harmful nitrogen 
(mg. per 100 

m. of beet) 
Ratio (Harmful 
N per total N) 

100 
Total nitrogen 
(mg. per 100 
gm. of beet) 

+ Harmful nitrogen 
zm. of beet) 

. ..| Ratio (Harmful 
= =| N per total N) 

Difference in 
ratio between 
Sept. and Oct. 


Location 


Total nitrogen 
100 





19.1 
12.2 
11.5 

2.2 
14.1 
20.6 
27.6 
19.3 
23.5 
33.7 


average: 51.0 average: 32 





cal work in breeding stations the harmful N should be considered in 
addition to sugar, purity, and soluble ash. 

A few years ago this recommendation could not be adapted be- 
cause the methods were not adequate for mass analyses. Today we 
ean simplify the procedure by supplementing the Bachler ‘‘One solu- 
tion method’’ (26) with the colorimetric test in the following way: 
Extract one half of the normal weight of the beet with warm water 
and leave it for 30 minutes in water bath without adding lead acetate 
to the solution. After cooling, filter and determine the dry substance 
by direct reading with Bachler-Zeiss dip refractometer. Continue us- 
ing the same solution in the conductometer for the determination of 
the soluble ash. Then add Horne’s dry lead, filter, and use one part 
for polarization and another for determination of harmful N. Add 
5 ee. of Stanek reagent to 50 ce. aliquot; shake and read immediately 
in photocolorimeter. 

For speed we modified the Lange photocolorimeter to make possi- 
ble a continuous flow of the samples. I am sure this modification for 
time saving can be done with the available photocolorimeter. 


Quite another proposition would be to approach the problem of 
harmful nitrogen from the technical angle, by attempting to remove 
the harmful N in the factory during the purification process. A. R. 
Nees (27) believes it is technically possible to eliminate the harmful 
N with an operation following the lime and carbonate addition. May 
I suggest that this should be done during the lime and carbonation 
process, since the amino acids combine with carbonic acid and caleium 
to form the calcium salt of the carbaminoacid (28). Unfortunately 
for the sugar technologists, these salts are soluble in water, though 
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insoluble in aleohol. Of course to precipitate with alcohol would 
make the manufacturing of sugar too expensive. There might be 
other means of precipitating these salts such as radical changes of 
the temperature, in the pH or with some inexpensive precipitant. 

If we can thus solve this problem, we shall soon forget that once 
we called the nitrogen harmful. 
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The Pilot Plant Ammoniation of Dried 
Sugar-Beet Pulps 


H. C. MrLrart 









Sugar-beet pulp is an important livestock feed in the western 
part of the United States. Part of it is fed in the wet stage, part is 
fed dried, while still another portion is mixed with molasses during 
the drying process to make a product known as molasses pulp. Sugar- 
beet pulp is low in protein and a means of making it a more important 
nitrogenous food seems desirable. 

The nitrogen in a number of non-protein nitrogen compounds 
has been shown to be available to ruminants (14), (13), (9), (6), (4), 
(5). This fact is recognized by the Feed Control Officials in their 
1941 action which: (1) ‘‘Resolves that urea and ammonium salts 
of carbonic acid are acceptable ingredients in proprietary cattle, sheep 
and goat feeds only; that these materials shall be considered to be 
adulterants in proprietary feeds for other animals and birds; that 
the protein equivalent of combined urea and ammonical nitrogen be 
no greater than one-third of the total crude protein nitrogen.’’ If 
urea and an ammonical salt of carbonic acid are acceptable, then 
there is the question as to whether ammoniated plant materials and 
in particular, ammoniated beet pulp would likewise be available. 

In our laboratory we have found (11) that beet pulp is easily 
ammoniated. The temperature of the pulp during ammoniation was 
found to increase as the ammonia pressure increased and the nitrogen 
eontent of the pulp increased with the ammoniation temperature. 

Because of the ease with which sugar-beet pulp ammoniates and 
its possible utilization in ruminant nutrition, it seemed desirable to 
investigate the problem further in a pilot plant with larger amounts 
of pulp than were used in the earlier study. 























Experimental Procedure 






The products used in this study were commercial plain and mo- 
lasses beet pulps. The plain pulp was obtained from beets grown in 
Ohio, Michigan, and Minnesota. 

Equipment.—The ammoniation was performed in a pilot plant 
(figure 1), an ammoniation gun, and an ammoniation cylinder. 

The pilot plant was a sphere having an internal diameter of 4 
feet and a volume of 33.5 cubic feet. It was provided with a jacket 
which surrounded the entire unit except the door and the space oceu- 
pied by the header. The entire unit was built for 200 pounds operat- 
ing steam pressure. It was designed with inside and outside stuffing 













1Research Laboratory, The Quaker Oats Company, Chicago, Illinois. 
2*Figures in parentheses refer to Literature Cited. 
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Figure 1—The ammoniation equipment. 


boxes so that independent steam pressure could be maintained on the 
jacket or inside chamber. A flexible ammonia hose connected the am- 
monia-storage cylinder to the pilot plant. 

The ammoniation cylinder was a steel cylindrical chamber with 
internal dimensions of 6-inch diameter and 31-inch length. It was 
closed by a flanged plate at each end. The plates were fitted with 
quarter-inch inlet and outlet ammonia lines, and each line was 
equipped with a needle valve. The outlet plate held a thermometer 
in a thermometer well which extended to the center of the reaction 
mass. The outlet line near the chamber contained an ammonia gage. 
The apparatus was rotated by mounting it on two motor-driven trun- 
nions. The amount of ammonia added was determined by adjusting 
to the desired pressure. 

The ammoniation gun was especially designed for short-time, 
high-temperature experiments. It was a steel cylinder of 6-inch dia- 
meter and 30-inch length, which revolved in an insulated oven. A gas 
burner at the bottom of the cylinder heated the cylinder and oven. 
The temperature was regulated by an automatic temperature con- 
troller—a recorder of the gas-filled type. An electric contact tem- 
perature indicator and the ammonia line entered the gun through a 
stuffing box at the rear. The front of the gun was fitted with a 
door which was opened instantly by throwing a lever when the cyl- 














PROCEEDINGS—THIRD GENERAL MEETING 531 
inder was under pressure. This sudden release in pressure at the 
end of the ammoniation period forced the charge from the cylinder 
into a steel cage. 

Analytical Methods.—All nitrogen results are expressed on the 
moisture-free basis. Moisture was determined by the Bidwell (2) 
method. The analytical procedure of Fraps (3) when applied to mo- 
lasses ammoniated pulps was found to give a gel at the point wherein 
the lead acetate was added. Since the A.O.A.C. (9) method did not 
produce the gel it was used for all analyses on such pulps. 

Feeding Tests.—Forty weanling rats varying in weight from 52 
to 63 grams were selected for the rat-feeding experiment. Five rats 
were fed each of the diets shown in table 4. Each rat was fed in a 
separate cage. The starch and sugar content was varied to bring each 
ration to 100 percent after the desired amount of nitrogenous mate- 
rial was included. Care was taken that no feed was wasted, yet each 
rat was given all that it would eat and was weighed at the end of 
each week. 

The palatability tests were made by feeding about 1.5 tons of 
ammoniated pulp as a separate supplement to 12 Guernsey cows. The 
milk and butter from 6 of these cows were tested over a period of 1 
month for off-flavors. 


Ammoniation in the Pilot Plant 


The ammonia was added to the pilot plant in the gaseous or liquid 
form and was measured by the loss in weight of the cylinder. The 
addition of large amounts of gaseous ammonia was not practical be- 
cause of its cooling effect on the ammonia storage cylinder. This 
eaused such a low pressure that the required quantity could not be 
added. The difficulty was avoided by withdrawing the ammonia in 
the liquid form. 

The ammonia entered the header and was delivered to the bottom 
of the pilot plant by 2 steel fingers. When pulp was added to the 
hot pilot plant the following procedure was used. The empty unit 
was heated to about 20° C. higher than the desired temperature. 
All condensate was then removed from the jacket and the unit was 
rotated until the temperature dropped to the desired value. The pulp 
was then added and the door was closed immediately. Fifty pounds 
of the cold pulp always caused a temperature drop of 20° to 30° C., 
unless the jacket carried steam. After the ammonia was added, the 
temperature always rose and went through a maximum in about 15 
to 30 minutes. 

The data in table 1 show that the addition of 2.5 pounds of NH, 
and 50 pounds of plain pulp to the cold digester raised the tempera- 
ture to 40° C. and after 1 hour gave a grayish-white product contain- 
ing 3.25 percent nitrogen. Under similar conditions (experiments 25 
and 1), except that the pilot plant was 90° C. when the pulp was 
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added and reached a maximum temperature of 103° C., the nitrogen 
content of the pulp was about 4 percent. The nitrogen values of the 
plain pulps increased with the ammoniation temperature and in most 
eases fixed as much nitrogen in 30 minutes as in 1 hour. In experi- 
ment 33, a 500-pound charge of plain pulp was brought to 70° C. in 
the pilot plant. All the steam was then removed from the jacket and 
15 pounds (weight) of liquid ammonia was added to the pulp. After 
20 minutes this raised the temperature to 112° C. A palatable brown 
product containing 4.04 percent nitrogen was obtained and 96 percent 
of the added ammonia was fixed. 

In experiment 23, steam was added to the pulp immediately after 
the ammonia was added. The steam caused 1.4 percent more nitrogen 
to be fixed than in experiment 21, where no steam was used, but it 
also made the product very much darker. 


In experiments 11 and 12, molasses pulps were subjected to simi- 
lar conditions, except that the former received a large excess of am- 
monia. The cooling effect of the excess ammonia in the pilot plant 
prevented the temperature of experiment 11 from becoming as high 
as that in experiment 12. This large excess of ammonia caused only 
0.20 percent more nitrogen to be fixed in the pulp of experiment 11 
than in that of experiment 12. At about 94° C. only 0.25 percent 
more nitrogen was fixed in dried molasses pulp in a 60- than in a 
30-minute ammoniation period. 

The production of dark-colored products in the pilot plant when 
high temperatures were employed led to a short-time, high-tempera- 
ture study in the ammoniation gun. The conditions employed and 
the results obtained are shown in table 2. The data for a 1-minute 


Table 2.—Ammoniation of plain dried sugar-beet pulp in the ammoniation gun. 





Ammoniated product 





Exp. Sample Total 
No. size Temp. Time Pressure nitrogen Moisture Color 


percent- percent- 
oc min. Ib. /sq. in. age age 
Original ‘ 1.70 10.2 Gray 
149 1 3.17 5.5 Greenish gray 
149 10 H 4.75 5.3 Light brown 
149 15 4.89 3.9 Medium brown 
149 §.21 4.1 Medium brown 
204 3.47 5.0 Light brown 
204 e 100 4.48 3.0 Dark brown 
216 5 100 3.52 6.4 Light brown 
216 : 100 4.00 5.0 Medium brown 
216 120 5.48 3.3 Dark brown 
260 y 70 to 170 3.64 4.0 Medium brown 
260 70 to 240 4.11 2.9 Dark brown 
260 70 to 240* 5.05 1.0 Black 
260 3 70 to 120* 5.15 3.0 Black 


*The ammonia pressure was released and new ammonia was added twice. 
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period at a temperature of 149° C. and 75 pounds pressure show that 
the nitrogen content of the pulp was about twice that of the original 
pulp. For each ammoniation temperature and pressure the amount 
of nitrogen fixed by the pulp increased with time. Furthermore, the 
amount of nitrogen fixed also increased with temperature. 

The pulps in table 3, except number 30, were ammoniated in the 
ammoniation cylinder. The temperatures shown were those developed 
by subjecting the pulp to the corresponding pressures. 

The ammoniation temperature and the nitrogen content of the 
pulps inereased as the pressure was raised. The fat values differed 
little with ammoniation temperature changes and were about the same 
as that of the original product. The fiber values increased slightly 
with increased temperature and were from 1 to 2 percent above that 
of the original pulp. The ash was the same in each ammoniated pulp 
and was increased slightly over that of the original material. 

The molasses pulp ammoniated at 90 pounds pressure and a simi- 
lar moisture value did not reach as high a temperature or nitrogen 
value as the plain pulp. The amount of ammonia fixed in the mo- 
lasses product was not increased appreciably by grinding it to pass 
a 30-mesh sieve. Furthermore, its moisture value when ammoniated 
did not greatly influence the amount of nitrogen fixed. The data 
show that the molasses pulps carry slightly more molasses after am- 
moniation than before. Apparently some reducing compounds are 
formed by the process. 


Results of Feeding Experiments 


The results in table 1 on pulps ammoniated in the pilot plant 
show that the lighter-colored, ammoniated, plain pulps were palatable 
for cows. The dark-brown products were not liked and the black ones 
were refused. 

The ammoniated molasses pulps prepared at ammoniation tem- 
peratures below about 115° C. were very palatable, while those pre- 
pared at temperatures above this value were not. The ammoniated 
molasses pulp was more palatable than the ammoniated plain pulp. 
Except for the darker products, little difference was noted between 
the palatabilities of the ammoniated or unammoniated pulps, either 
molasses or plain. There were no off-flavors or odors in the milk or 
butter from 6 Guernsey cows fed 1 ton of ammoniated pulps during 
a period of 1 month. 

The pulps prepared in table 3 were also found to be palatable 
for cows. Sample 30-A represented the most palatable sample pre- 
pared that contained above 5 percent nitrogen. 

The rat diets and growth are shown in table 4. The results show, 
as was expected (7), that the rats were not able to use the nitrogen 
added to the pulp by ammoniation. Apparently such nitrogen was 
not toxie to the rats, for no deaths occurred. 
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Discussion of Results 

Neither the age of the pulp, its state of division, nor its source 
had any influence on its ammoniating properties. The color change 
with ammoniation was probably due to a toasting by the heat in- 
volved. 

The addition of water to the pulp before ammoniation gave a 
darker sample than if water was not added. The addition of steam 
to the pulp immediately after the ammonia was added caused more 
nitrogen to be fixed but made the product very much darker. The 
moisture-free weiztht of the pulps changed negligibly with ammonia- 
tion. 

Ammoniated sugar-beet pulp varies greatly in nitrogen content, 
color, odor, texture, and palatability depending upon the ammoniat- 
ing conditions. Since these characteristics are affected mostly by 
temperature, there is the problem of fixing appreciable amounts of 
ammonia and at the same time keeping the other changes at a mini- 
mum. This is particularly true if a product having a nitrogen con- 
tent above 4 percent is desired but is very much less important in the 
preparation of pulps containing 4.0 percent nitrogen or less. Experi- 
ments to secure an ammoniated pulp having a nitrogen value above 
5.0 percent and a minimum amount of darkening were made. These 
involved employing varying temperatures for time periods as short 
as 30 seconds, using steam with the ammonia, successively adding 
and removing ammonia to reduce the amount of oxygen present, and 
using high-ammonia pressure with no external heat source. The pro- 
duct with the lightest color for the largest amount of ammonia fixed 
was sample 30-A which was prepared in the small chamber by sub- 
jecting the pulp to 175 pounds pressure of ammonia with no external 
source of heat. This procedure appears promising for the preparation 
of ammoniated pulps of such high-nitrogen values. A difference of 
16.5 pounds of ammonia on 50 pounds of pulp in the pilot plant (ex- 
periments 11 and 13) had little effect on the nitrogen content of the 
product. 

The pilot plant was considered to be a successful means of am- 
moniating pulp in large quantities, for it conveniently held 500 
pounds of pulp. Such an amount of pulp was heated to 70° C., then 
15 pounds of ammonia were added which raised the temperature to 
112° C. After 1 hour the product had fixed 96.8 percent of the 
ammonia added and contained 4.04 percent nitrogen. The results in- 
dicate that a 1-hour ammoniation period is much longer than is neces- 
sary. Obviously, a minimum time period would be important for 
commercial operations. 

The utilization of simple nitrogen compounds by ruminants has 
been shown (15) to be possible because of a bacteriological transfer 
of nitrogen. Since molasses pulp contains an abundance of readily 
available carbohydrate, it may be that ruminants can use the nitro- 
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gen in ammoniated molasses pulp more efficiently than in the am- 
moniated plain product. 

The ammoniation gun was very serviceable for extremely short- 
time, ammoniation experiments. A light-brown product having 3.52 
percent nitrogen was obtained with an ammoniation period of only 30 
seconds. 

The cows to which the products were fed had never eaten beet 
pulp before and it was 2 or 3 days before they ate the ammoniated 
products readily. After this time, unless the product was too dark, 
they ate the ammoniated products exceedingly well, and were always 
very anxious to receive the ammoniated molasses pulp. They always 
preferred the ammoniated molasses pulp to the ammoniated plain 
pulp but, except for the very dark products, seemed to have no choice 
between the ammoniated and unammoniated pulps, either moiasses 
or plain. The milk and butter from the cows fed the ammoniated 
pulp gave no evidence of having any off-flavor. 

It has been shown (7) that rats cannot use urea and it was not 
expected that they could use the nitrogen imparted to ammoniated 
beet pulp but nevertheless this investigation seemed of value. While 
the rats could not use such nitrogen for their growth, there was no 
indication that any toxic compounds were present in the pulp, for 
not a single rat was lost from any of the feeding groups. 

The commercial ammoniation of sugar-beet pulp could probably 
be done most economically by locating the ammoniation equipment at 
the point where the hot pulp leaves the dryer. This would make it 
possible to use the heat added to the pulp for drying purposes in the 
ammoniation step. If a product having 4.0 percent nitrogen were 
satisfactory, it would probably not be necessary to have the pulp or 
ammoniation plant hotter than about 70° C. when the ammonia is 
added. Under such conditions this would be a very economical pro- 
cess for the equipment could be built to hold large charges, and would 
need to rotate only very slowly. The ammonia would preferably be 
added in the liquid form to prevent a cooling of the storage tank and 
a large drop in pressure. Furthermore, the ammonia can be added in 
a fraction of a minute by this method. Whether the problem of re- 
covering unreacted ammonia would be necessary would depend upon 
the operating conditions chosen. 

Orange, grapefruit and apple pulps ammoniate in much the same 
manner as beet pulp. The first experiment in which ammoniated 
pulp was fed to calves has been concluded (12) and a second experi- 
ment on steers is in progress. Experiments to study the feeding value 
of ammoniated citrus pulp have been started. 


Summary and Conclusions 
Sugar-beet pulps were ammoniated in 3 types of ammoniation 
units and the products were fed to cows. 









540 AMERICAN Society SuGar-BEet TECHNOLOGISTS 


1. Three units for producing ammoniated beet pulp commercial- 
ly have been described. These are the pilot plant, the ammoniation 
gun, and the ammoniation cylinder. 

2. The ammoniation temperature greatly affects the nitrogen 
content, texture, color, and palatability of sugar-beet pulp. The color 
changes are thought to be a toasting effect. 

3. A product having the lightest color for the greatest amount 
of nitrogen was obtained by subjecting the pulp to 175 pounds pres- 
sure of ammonia. 

4. Large amounts of the pulp were easily brought to 4.0 per- 
cent nitrogen by heating the pulp to 70° C. in the pilot plant and 
adding liquid ammonia. 

5. The molasses pulp ammoniates almost as well as the plain 
pulp and the ammoniation process has little effect on the fat, ash, 
fiber, and molasses values. 

6. The ammoniation gun was very efficient for short-time am- 
moniation experiments. 

7. The addition of water or steam to the pulp during ammonia- 
tion gives a much darker sample than is produced if these are not 
added. 

8. A small excess of ammonia on 50-pound samples in the pilot 
plant had little effect on the nitrogen content of the product. 

9. The ammoniated pulps, unless they were too dark, were pal- 
atable to dairy cows and had no influence on milk or butter flavor. 

10. Feeding tests with rats showed the products developed no 
toxie substances during ammoniation, as indicated by the fact that 
no deaths occurred. 

11. A study is needed to determine the exact value for ruminant 
nutrition of the nitrogen imparted to ammoniated pulps. 
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The Determination of Sulfates in Sugar-Fac- 
tory Products Employing the Tetrahy- 
droxyquinone (THQ) Reagent 


A. H. Epwarps! 


A method for the determination of sulfates in beet sugars and 
sirups by titration using tetrahydroxyquinone as an indicator was 
developed by my experiments during the 1939 intercampaign and 
through experiences with the use of it during the 1939-40 campaign. 
The method adapted and developed for our use has been successfully 

iChemist, Great Western Sugar Company, Sterling, Colorado. 

This paper was presented by S. J. Osborn, General Chemist, Great Western Sugar 
Company. 
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used for the control of sulfates in several of our Great Western fac- 
tories during the 1939-40 and 1940-41 campaigns, where sulfate prob- 
lems were troublesome. Several hundred determinations were made 
by the THQ method and the sulfates controlled so that very high- 
grade sugar could be made at all times. 

The advantage of the method is that a large volume of work can 
be accomplished and the results obtained very quickly, making the 
procedure particularly useful for the control of sulfates in the process 
of sugar manufacturing. High sulfates in raw sugars are detected 
in time so that treatment by barium and re-routing through the pro- 
cess prevents the effect on the white sugar. The sample can be 
weighed, made up to volume, the titration completed, and the result 
ealeulated in 20 minutes or less, compared to about 5 hours elapsed 
time required when the precipitate is allowed to stand for the period 
recommended in most gravimetric methods. The determination not 
only ean be completed, using the THQ indicator, in a very much 
shorter period, but the actual total time of the required work is a 
great deal less. 

The tetrahydroxyquinone indicator generally referred to as THQ 
is manufactured by the W. H. and L. D. Betz Laboratories. Several 
papers (1, 2, 3, 4, 5) describing the direct titration of sulfates in boil- 
er water using the THQ method were studied while experimenting, 
to determine if the procedures could be adapted to the determination 
of sulfates in beet sugars and sirups. 

Preliminary experiments consisted of first determining if the use 
of ethyl, isopropyl, or methyl aleohol made any difference in the ac- 
euracy of the titration. The results obtained when using methyl! alco- 
hol were high but results obtained with ethyl and isopropyl were the 
same. The investigation was continued using the isopropyl! alcohol, 
because it was much lower in cost and it was easier to obtain. 

Next by caleulation and by experimenting it was determined 
what was the most satisfactory quantity of sample to use and the best 
strength of barium chloride to employ. 

To cover the determination of all ranges of sulfate concentration, 
barium-chloride solutions of three different strengths were made up, 
but most of our determinations were made with a solution containing 
10 grams of C. P. barium chloride per liter. Sometimes the sulfates 
in our high raw sugar were low enough so that the solution containing 
2 grams of barium chloride per liter was the best to use. When we 
determined sulfates in granulated sugar, the solution that gave the 
best results contained only 0.2 gram of barium chloride per liter. 

For pure granulated sugar an amount of 10 grams of sample was 
found to be the best. For high and low raw sugar, sirups, and mo- 
lasses of usual purity, 2.5 grams of sample are used. For very low- 
purity molasses and other low-purity or dark sirups or sugars it may 
be necessary to reduce the sample to 1.25 grams. 
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The method in general for each product is, of course, the same 
but the detail of the amount of samples, the strength of the standard 
barium chloride used, and the addition of chemicals to sharpen the 
end point all vary considerably. 

The practice used was to dissolve 10 grams of granulated sugar 
in 25 ml. of water, but for all other products sufficient quantities 
of the sample were diluted to 500 ml. so that 25 ml. of the dissolved 
sample contained the required amount of the original material. 

No chemicals are used in the sulfate determination of granulated 
sugar to sharpen the end point, while both silver nitrate and sodium 
chloride are used to sharpen the end point of other sugar-factory 
sugars and sirups, with the amount of silver-nitrate solution being in- 
creased as the purity of the product decreases. 

On some high raw sugars low in sulfates, it is imperative that the 
sodium-chloride solution be added, because a purple color develops 
during the titration and it is impossible to detect any end point. In 
the THQ method of titration for sulfates in all beet sugars and sirups, 
except granulated sugar, the addition of a sodium-chloride solution 
in the proper order of the procedure makes the solution turn a 
brighter orange color, giving a more definite end point that remains 
permanent and increasing the accuracy of the titration. When titrat- 
ing low-purity sugars and sirups without the addition of the sodium 
chloride solution, the end point was a sort of brownish-orange, chang- 


Table 1—Comparative sulfates in high and low raw sugar and molasses obtained by 
the THQ and gravimetric methods 








High raw sugar Low raw sugar Molasses produced 





THQ Gravimetric THQ Gravimetric THQ Gravimetric 
method method method method method method 





87 38 .90 89 1.19 1.11 
ot a .68 .70 1.41 45 
94 d 65 .69 1.06 .03 
1.35 2 81 77 1.02 
67 yy 1.12 1.12 1.17 
5S 5 .74 77 1.23 
.66 6 1.21 
44 A2 387 87 1.14 
63 62 91 00 1.02 
AT AS 36 d 1.37 
4 - > .68 j 1.24 
23 ‘ 64 mis 1.16 
27 “ 65 d 1.00 
30 a .79 on 1.01 
40 d 72 ‘ 1.27 
0 F 63 . 1.31 





Average 
598 596 .769 ° 1.176 





Detailed specifications of the reagents required and the specific methods employed 
for various sugars and sirups are given at the end of this paper. 
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ing slowly, and is hard to recognize, usually causing high results. 
Consistent results could not always be obtained until sodium chloride 
was used, after the silver nitrate in the procedure. 

The method is more accurate on high-purity products, being ex- 
tremely accurate on granulated sugar, and with care and experience 
the method is reasonably accurate on all products. However, when 
used as a control method, we are not interested in extremely high 
precision. 

It can be observed in the comparative results in table 1 that the 
average accuracy of the THQ method and the gravimetric method dif- 
fers only in the third deeimal place on high and low raw sugar, and 
the averages on molasses produced differ by less than 4 percent. 


Determination of SO, by the THQ Method 


The general procedure for. the THQ method for the determina- 
tion of SO, in various sugars and sirups is the same, but as the de- 
tails differ considerably the procedure will be described for each one. 

Reagents.—1. ‘‘THQ’’, tetrahydroxyquinone (50 to 100 grams 
required for a campaign supply. 

2. Barium-Chloride Solutions. — I. Dissolve 10.00 grams of 
C. P. barium chloride in water and make up to 1000 ml. 1 ml. of 
solution = 3.277 mg. of SO,. (For use with low raw sugar, low raw 
massecuite, molasses and products with high SO, content.) 

II. Make 200 ml. of solution I up to 1000 ml. 1 ml. of solution 
= .6554 mg. of SO,;. (For use with high raw sugar.) 

III. Make 100 ml. of solution II up to 1000 ml. 1 ml. — .06554 
mg. of SO;. (For use with white sugar.) 

3. Isopropyl aleohol. (2 gallons sufficient for a campaign sup- 
ply.) 

N/50 sodium hydroxide. 

5. N/100 hydrochloric acid. 

6. Saturated C. P. sodium-chloride solution. 

7. 0.1 N silver-nitrate solution. 


Determination: 1. White Sugar.—Transfer 10 grams of white 
sugar to a 250-ml., wide-mouth, Erlenmeyer flask. Dissolve in 25 ml. 
of water. Make alkaline to phenolphthalein with N/50 NaOH. Neu- 
tralize carefully with N/100 HCl. The temperature of the solution 
must be below 35° C. and preferably between 20° and 25° C. Add 
25 ml. of isopropyl aleohol. Introduce 1 dipper of the THQ indicator 
(approximately 0.15 gram) and mix completely by swirling the flask. 
Add the standard barium-chloride solution III at a slow, steady drop- 
ping rate with constant swirling of the flask until the brown color 
changes to a rose. From the number of ml. of the standard barium- 
chloride solution used, calculate the percentage of SO, in the sample. 























PROCEEDINGS—THIRD GENERAL MEETING 545 





2. High Raw Sugar.—Weigh 50 grams of the sugar, dissolve in 
water, transfer to a 500-ml., Kohlrausch flask, and make to volume at 
20° C. Mix the contents of the flask thoroughly. Transfer a 25-ml. 
sample of the sugar solution to a 250-ml., wide-mouth, Erlenmeyer 
flask. Make alkaline to phenolphthalein with N/50 NaOH. Neutral- 
ize carefully with N/100 HCl. The temperature of the solution must 
be below 35° C. and preferably between 20° and 25° C. Add 25 ml. 
of isopropyl aleohol. Introduce 1 dipper of the THQ indicator and 
mix completely by swirling the flask. Then add slowly at a steady 
dropping rate, with constant swirling of the flask, approximately %4 
of the standard barium-chloride solution II that it is estimated will 
be required for the final titration. Introduce 1 ml. of the silver-ni- 
trate solution from a pipette by slowly dropping it into the mixture 
while rapidly twirling the flask. Then add 5 ml. of the saturated 
sodium-chloride solution to the mixture while continuing to twirl the 
flask. Complete the titration to the end point as recognized by the 
change of color from brown-to-light red or bright orange. Make a 
blank test on 25 ml. of water and the reagents used. From the ml. 
of barium chloride used subtract the ml. of the blank and from the 
net result calculate the percentage of SO, in the original sugar. 


3. Low Raw Sugar and Massecuite.—Follow the procedure for 
‘*high raw sugar’’ with the following exceptions: Use 2 ml. of the 
silver-nitrate solution and 10 ml. of the sodium-chloride solution. Ti- 
trate with solution I. 


4. Dark and Low-Purity Sugars and Sirups.—Weigh 50 grams 
of the sugar or sirup (use only 25 grams of extremely low-purity or 
dark sugars or sirups) dissolve in water, transfer to a 500-ml. Kohl- 
rausch flask, and make to volume at 20° C. Mix the contents of the 
flask thoroughly. Transfer 25 ml. of the sugar solution to a 250-ml., 
wide-mouth, Erlenmeyer flask. Make alkaline to phenolphthalein 
with N/50 NaOH. Neutralize carefully with N/100 HCl. The tem- 
perature of the solution must be below 35° C. and preferably between 
20° and 25° C. Add 25 ml. of isopropyl aleohol. Introduce 1 dipper 
of the THQ indicator and mix completely by swirling the flask. Then 
add slowly at a steady dropping rate, with constant swirling of the 
flask, approximately 24 of the standard barium-chloride solution I 
that it is estimated will be required for the final titration. Introduce 
a silver-nitrate solution from a pipette by slowly dropping it into the 
mixture while rapidly twirling the flask. Continue adding the silver 
nitrate in this manner until the solution turns slightly pink. Then 
slowly drop 10 ml. of the saturated sodium chloride into the mixture 
while continuing to twirl the flask. Complete the titration with the 
standard barium-chloride solution to the end point as recognized by 
the change of the color of the solution from milky-brown to a bright 
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orange. Subtract the ml. of barium chloride used in a blank test 
from the ml. used in the titration and caleulate the result. 

5. Precautions.—It is of the greatest importance to follow the 
order and manner of introducing the reagents in order to obtain con- 
sistent and reliable results. Adding a portion of the barium chloride 
before the silver nitrate is introduced produces a sharper and brighter 
end point. The sodium-chloride solution makes the end point per- 
ceptible, in that there is a quicker and definite change of color from 
milky-brown to bright orange. 

Note: The most distinct end point is obtained if the volume of 
barium chloride used is not more than 10 ml. If titration requires 
more than this volume, with the No. I barium-chloride solution, use 
a more dilute sample. 
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Some Regional Effects on Beet-Sugar 


Quality’ 


CHARLES A. Fort? 


Our 1940 report on beet sugars included tables of average data 
for different regional groups of factories. The grouping used was 
based on juice purities combined with general geographical location. 
Ten groups were made so that the individual factory could compare 
its product with the average of a relatively small number of factories 
of corresponding location and similar juice purities. They were not 
intended for comparing the group averages themselves. Therefore, 
for the study reported in this paper, with the specific object of com- 
paring the sugars of beets from different producing areas, it was 
found more satisfactory and simpler to group the data representing 


‘Agricultural Chemical Research Division, Contribution No. 55. 
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This paper was presented by J. C. Keane, Assistant General Superintendent, 
Utah-Idaho Sugar Company. 




















Tuirp GENERAL MEETING 547 


PROCEEDINGS 








the product of individual factories according to the four natural 
producing areas, namely, the West, the intermountain region, the cen- 
tral dry plains, and the East. Figure 1 shows the distribution of 
sugar-beet factories and the dividing lines between the areas. 


It should be kept clearly in mind that in this discussion we are to 
deal principally with averages. This means that in each case some 
sugars were low and others high in the particular factor under con- 
sideration. As the averages represent rather large numbers of de- 
terminations and sugars, it is felt that the differences in characteris- 
tics indicated by the averages are true trends and significant. As 
both non-Steffen and Steffen sugars showed the same trends in spite 
of certain differences in non-sugar composition, equal weight was 
given to the two types in the calculations. Separate averages were 
prepared for non-Steffen and Steffen factories in each area, and 
the mean of these averages is what is submitted. This is equivalent 
to there being an equal number of the two types of factories in each 
area, which seems to be a fair basis for our considerations. 


The degree of variation in ash content within the groups, as 
well as the average trend of ash determinations on sugars from dif- 
ferent regions, is shown in table 1. Here are given the lowest and 
highest of the 5-year averages (1936-40) for individual factories and 
the mean of averages for entire groups within this period. There is 
some overlapping between the different groups as regards maximum 








Figure 1.—The distribution and grouping of beet-sugar factories. 











548 AMERICAN Society SuGAar-BEEt TECHNOLOGISTS 


and minimum ash values, but the high-ash tendencies of the inter- 

mountain and dry plains areas stand out clearly. Unquestionably this 

is due to the nature of the impurities in the juices handled and not 

to differences in processing technique. 

Table 1.—Extremes, averages and distribution of the 5-year means of the ash of the 
sugars of different regions. 


West Intermountain Central plains East 


p.p.m p.p.m. p.p.m. p.p.m. 
Minimum average SI 99 72 73 
Maximum average 114 170 225 165 
Grand average 75 129 124 112 
Percentages of sugars with ash 





percentage percentage percentage percentage 
Below 75 p.p.m. 58 0 5 9 
75-100 p.p.m. 25 7 18 35 
100-125 p.p.m 17 46 41 
125-150 p.p.m. 40 14 9 
Above 150 p.p.m. 7 22 8 


In table 2 we repeat the averages just shown for 1936-40 and also 
give the averages for the previous 5 years, 1931-35, and the general 
average. The averages for the first 5 years (1931-35) probably give 
the more nearly correct picture of the natural differences between 
the beets of the different areas; these differences have persisted year 
after year, especially in the ease of the Steffen factories. However, 
in recent years improved operations seem to have changed the results 
of comparisons between ash content of sugars representing different 
groups of the non-Steffen sugar factories. Beet sugars from the 
central dry plains give an average ash below those of: the sugars from 
the intermountain region and the East, although still much higher 
than that of sugars from the West. In spite of this discrepancy in 
the case of non-Steffen sugars from the central plains in recent years, 
the complete data indicate strongly that the contrasts shown by the 
general averages represent the true tendencies of the ash contents of 
the beets. Further evidence that this conclusion is valid is given by 
the analyses of a few thick-juice and molasses samples from non-Stef- 
fen factories of the four areas. These particular tests were prelim- 
inary and few in number but are included in the table. On the thick 
juices the ash is expressed as percentages on solids and on the molasses 
as percentages on beets, having been calculated from percentages on 
molasses, making use of the amounts of molasses produced. The prob- 
ability that the higher ash of the sugars of the mountain and central 
areas is due to the natural composition of the beets is evident. 

It is to be kept in mind always that superior sugar boiling and 
sugar washing and the use of special chemicals may produce !ow-ash 
sugars even from high-ash sirups. The washing technique is an es- 
pecially vital factor for, as has been demonstrated by other workers, 
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Table 2.—A. Averages of ash in sugars. 


West Intermountain Central plains 








p.p.m p.p.m. p.p.m. 

1931-35 inclusive 106 220 237 
1936-40 inclusive 78 129 124 
Grand average 10 years 92 174 180 
Molasses ash, 

percentage beets 0.31 0.46 0.56 
Thick-juice ash, 

percentage solids 2.18 2.30 2.87 





B. Averages of white massecuite purities. 





1931-35 inclusive 89.2 88.0 
1936-40 inclusive 91.8 91.3 
Grand average 90.5 89.6 





the ash concentration is very high in the outer shell of the sugar 
erystals as compared with the inner portions. Thus the ash of sugar 
is much affected by the quantity of surface material removed in wash- 
ing. It is because of these variables that it is so difficult to judge 
the composition of the beets on the basis of the composition of the 
sugars. It is felt that the extensive study that we have made of the 
accumulated data that the averages presented do indicate differences 
in sugar-ash composition which are primarily due to differences in 
the beets, but that the results of individual factories cannot be so in- 
terpreted for the reasons just discussed. It has been clearly evident 
in experiments which we have made that with uniform conditions of 
sugar boiling and washing the concentration of ash and its elements 
in the sirup determines the ash composition of the sugar produced, but 
wide variations are possible when the boiling and washing operations 
are variable. 


Going now to the components of the ash we will first examine the 
averages for the sulfate radical, table 3. Here; even more so than in 
the ease of total ash, we feel that the average for the early 5-year 
period better reflects the natural composition of the beets, but the 
trend is still evident even to date. We refer to the relatively high- 
sulfate content of the sugars and presumably of the beets of the two 
central areas being highest in the central plains. This condition is 
seen both in the concentration of sulfates in the sugar and the pro- 
portion of sulfates on ash. Also, the data on thick juices and molasses 
agree with this conclusion. 


While not strictly a phase of this subject, it may be of interest 
to note that the proportion of sulfate in ash is higher in the sugars 
than in sirups or molasses. This agrees with the known fact that sul- 
fates are taken up by the sugar to a greater extent than certain other 
minerals thereby increasing the proportional sulfate content. 


? 
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Table 3.—Sulfate (SOs) content of sugars. 





= East 


West Intermountain Central plains 





percent- 
age on 
ash 


percent- 
age on 
ash 


percent- 
age on 
ash 


percent- 
age on 


p.p.m ash p.p.m. p.p.m. p.p.m. 


“4727—~C~«~SGS 3.5 
13.7 10 8.9 


127 #442 


10.1 17 


inclusive 2.8 28 


inclusive 13 


1931-35 
1936-40 


Grand average 
Molasses SOs 
Thick juice SOs 


6 
*0.012 
**).069 


20 
0.018 
0.114 


11.5 
3.9 
4.9 


29 16.1 
0.031 5.5 


8 6.3 
0.015 3.5 


0.119 4.1 





*Quantity expressed as percentage SOs on beets. 
**Quantity expressed as percentage SOs on solids. 


In the case of chlorides, table 4, the trend is again the same; the 
chloride content is highest in the two central areas so far as concen- 
tration in sugar is concerned. The proportions on ash, however, are 
high in the far west and very low in the east, and intermediate in the 
central areas. Figures for the thick juices and molasses confirm the 
relatively high amounts of chlorides in sugars from the central areas. 
Chlorides are known to be taken up by the sugar to a lesser degree 
than sulfates and this is indicated in the data for the central areas 
by the lower proportion of chlorides in sugar ash; however, it is not 
shown by the values for the other sections. Considering the scanty 
tests available on the thick juices and molasses, such a discrepancy is 
not surprising. 


Table 4.—Chloride (Cl) content of sugars. 





West Intermountain Central plains East 





percent- 
age on 
ash 


percent- 
age on 
ash 


percent- 
age on 
ash 


percent- 
age on 


p.p.m. p.p.m. p.p.m. p.p.m. ash 





3 12.3 5 7.3 14 5. 3 

7 9.0 2 9.5 10 8. 4 
10.8 8. 12 \ 4 
0.072 15.6 0.069 0.012 
0.029 9.1 0.264 


1931-35 
1936-40 
Grand 

Molasses 


Thick juice 


inclusive 1 

inclusive 
average 10 

*0.007 2.3 
**0.061 2.8 





*Quantities in molasses expressed as percentage on beets. 
**Quantities in thick juice expressed as percentage on solids. 


Potash, table 5, is also relatively high in the sugars from central 
areas, and there are similar differences in the case of soda, table 6. 
However, the amounts of soda can not be interpreted as representing 
beet composition because of the addition of soda ash in processing. 
The use of 1 pound of soda ash per ton of beets may double the natural 
soda content and greatly alter the ratio of potash to soda and the pro- 
portion of soda in the ash. The low ratios of potash to soda (see table 
7) in the west is apparently due to the greater use of soda ash as seen 
by the averages for the past 5 years. 
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Table 5.—Potash (K2O) in sugars. 





West Intermountain Central plains East 





percent- percent- percent- percent- 
age on age on age on age on 
p.p.m. ash p.p.m. ash p.p-m. ash p.p.m. ash 





1931-35 inclusive 31 29.3 S4 38.2 91 38.4 56 38.9 
1936-40 inclusive 21 26.9 46 35.7 41 33.1 40 35.7 
Grand average 26 28.3 65 37.3 66 36.7 48 37.5 
Molasses *0.100 32.2 0.193 41.9 0.234 41.8 45.8 
Thick juice **1.015 46.5 1.266 55.0 1,462 50.9 seni one 





*Potash in molasses expressed as percentage on beets. 
**Potash in thick juice expressed as percentage on solids. 


Table 6—Soda (NaeO) in sugars. 





West Intermountain Central plains East 








percent- percent- percent- percent- 
age on age on age on age on 
p.p.m. ash p.p.m. ash p.p-m. ash p.p.m. ash 





1931-35 inclusive 15.1 20 9.1 24 10.1 10 6.9 
1936-40 inclusive 2 15.4 10 78 12 9.7 8 7.1 
Grand average 15.2 15 8.6 18 10.0 ” 7.0 
Molasses 19.0 0.086 18.7 0.144 25.7 
Thick juice **0).286 13.1 0.197 8.6 0.341 11.9 





*Soda on molasses expressed as percentage on beets. 
**Soda in thick juice as percentage on solids. 


Table 7.—Ratio of potash to soda in sugars and soda ash used. 





Intermountain Central plains 





1931-35 inclusive J 4.2 3.8 
1936-40 inclusive J 4.6 3.4 
Grand average d 4.3 3.7 
Molasses a 2.2 1.6 
Thick juice Mu 6.4 4.3 
Soda ash used 

1936-40 inclusive *1.01 0.22 0.17 
Equivalent NazO, 

percentage beets ©.028 0.007 








*Pounds per ton beets. 


Sulfites and lime data which are given in tables 8 and 9 are pre- 
sented to more or less complete the picture for the principal mineral 
constituents in sugars. The sulfites are, of course, derived from the 
sulfuring used in processing and therefore sulfite content is of no 
direct interest, but it is necessarily taken into account in some caleu- 
lations which we wish to present. The lime content of sugar is en- 
tirely unrelated to the lime content of the beets, being dependent on 
the amounts of soda ash used and the amounts of inherently soluble 
lime salts formed in processing. The amount of lime salts left when 
no soda ash is used is a factor of beet composition as well as of oper- 
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Table 8.—Sulfites (SOe) in sugars. 





est Intermountain Central plains East 





percent- percent- percent- percent- 
age on age on ege on age on 
p.p.m. ask p.p.m. ash p.p-m. ash -p.m. ash 





1931-35 inclusive f 75 30 13.6 30 12.6 8.3 
1936-40 inclusive g 6.4 14 10.8 13 10.5 71 
Grand average 7.6 22 12.6 22 12.2 78 
Molasses *0.002 0.6 0.004 0.9 0.014 2.5 0.7 
Thick juice **0.052 24 0.111 4.8 0.115 4.0 ali ~— 





*Sulfites in molasses expressed as percentage on beets. 
**Sulfites in thick juice expressed as percentage on solids. 


Table 9.—Lime (CaO) in sugars. 


West Intermountain Central plains 


"East 





percent- * percent- percent- percent- 
age on age on age on age on 
p.m. ash p.p.m. ash p.p.m. ash ash 
| 





1931-35 inclusive 14 6.4 11 4.6 
1936-40 inclusive \ 7 5.4 6 6.5 
Grand average ; 10 5.7 8 44 
Molasses *0.004 A 0.006 13 0.005 0.9 
Thick juice **).079 3.6 0.031 1.3 0.044 1.5 


*Lime in molasses expressed as percentage on beets. 
**Lime in thick juice expressed as percentage on solids. 


Table 10.— 
A.—Potash equivalent of total combined mineral-acid radicals and of total com- 


bined organic-acid radicals in sugars. 





West Intermountain Central plains East 





Inor Or- Inor- - Inor- Or- Inor- Or- 
ganic ganic ganic ganic ganic ganic ganic ganic 
p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. pP.p.m. = —p. p.m. 





1931-35 inclusive 33 35 97 39 110 36 26 63 
1936-40 inclusive 29 22 53 20 53 15 29 38 
Grand average 31 28 76 29 81 26 28 3” 
Molasses *0.026 0.170 0.123. 0.211 0.149 0.313 0.038 0.282 
Thick juice **0.239 1.343 0.574 1.042 0.659 1.395 ' 





*Potash equivalents on molasses expressed as percentage beets. 
**Potash equivalents on thick juices expressed as percentage solids. 


B.—Proportion of total bases (K2O equivalent) combined organically. 





Sugars West Intermountain Central plains East 





percentage percentage percentage percentage 
1931-35 inclusive 51. 28.7 24.9 70.6 
1936-40 inclusive . 26.9 22.5 57.1 
Grand average 8.2 27.4 24.2 64.0 
Molasses ' 63.3 67.8 88.1 
Thick juice ‘ 4.5 67.9 chee 











PROCEEDINGS—THIRD GENERAL MEETING 553 


ating technique. Taking into consideration the lime content of the 
sugars, or the lime in the first liquor, and the amounts of soda ash 
used, it is indicated that the natural amounts of lime salts are greater 
in the west and east than elsewhere. 


Lime and sulfites are both taken up by the sugar selectively, as is 
indicated by the increased percentages on sugar ash as compared with 
the thick juices and molasses. For example, while the lime percent- 
age on ash of molasses is generally below 2 percent, on ash of sugars 
it is around 6 percent; potash correspondingly drops from about 42 
percent on molasses ash to approximately 37 percent on sugar ash. 
This oceurs in spite of the fact that the concentration of potash in 
the thick juices or first liquor is tremendously high as compared with 
the lime concentration. 


Finally we come to a consideration of the ash alkalinities and the 
indicated organically combined bases. As ash alkalinities were not 
directly determined prior to the last season, it is necessary to esti- 
mate same on the basis of the ash analyses. For this purpose the sum 
of the ionic-equivalent amounts of the bases (potash, soda and lime) 
was found and from this was subtracted the sum of the ionic-equiva- 
lent amounts of the mineral-acid radicals (sulfate, chloride and sul- 
fite). The difference represents an estimate of the ionic-equivalent 
amount of combined organic-acid radicals. It seems best for the pur- 
poses of this paper to caleulate this derived value to potash, and simi- 
larly the total, mineral, ionic equivalents to potash. In short, we will 
assume for the sake of convenience that the only base present is pot- 
ash ; then we can give a comparison of the amounts of bases combined 
with mineral acids and those combined with organic acids on a uni- 
form basis. Table 10 represents the calculated amounts of potash 
combined in these two ways and the proportions of total bases (ex- 
pressed as potash) combined with organic-acid radicals. 


We have previously seen that sulfates, chlorides, and potash are 
relatively high in the beets and sugars of the two central areas; we 
now see that the condition in respect to organic salts is the reverse, 
especially on the proportion basis. This is equally evident in the 
thick-juice and molasses analyses. 


Having seen the general trends indicated by the gross averages, 
it has seemed. desirable to make sure that such extensive averaging 
has not led to conelusions which are not evident in the individual 
sugars. From the averages of the sugars from the individual fac- 
tories for the past 5 years were selected the sugars of the two fac- 
tories having the lowest ash in each region, one Steffen and one non- 
Steffen ; similarly in each region were selected the two factories with 
the highest ash. In each case the data for the Steffen and non-Stef- 
fen sugars were averaged. 
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Figure 2.—The comparison of the potash equivalents for the total combined min- 


eral-acid radicals and organic-acid radicals. 


Figure 2 shows graphically the caleulated potash equivalent of 
the inorganic-acid radicals and likewise the potash equivalent of the 
combined organic-acid radicals for these low-ash and high-ash sugars 
and for the 10-year grand averages which have been previously pre- 
sented. In each group of figures it will be noted that in the West the 
inorganically and organically combined potashes are nearly equal. In 
the two central areas the inorganic potash is very high compared with 
the organic potash. Only in the low-ash sugars for the intermountain 
area are the two types of salts near equality. In the eastern area the 
organically combined bases exceed the mineral salts by large amounts. 


Viewed a little differently, it may be noted that the difference 
between low and high ash is largely due to increased mineral com- 
ponents in all areas except the East where increases in organically 
combined bases predominate. Again the mineral contents of the 
western and eastern sugars are nearly equal in all three comparisons, 
and the differences in ash are due to the larger amounts of organically 
combined bases in the East. 


The picture presented by this figure 2 summarizes the observa- 
tions to which we have called attention, namely: (1) The tendency 
to higher-ash sugars in the intermountain and central plains areas 
is due to relatively higher concentrations of sulfates and chlorides; 










-——— 
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(2) the low-ash tendency of the west coast sugars is due to low con- 
centrations of both inorganic and organic salts, and (3) the moder- 
ately high ash of the eastern sugars is due to high concentrations of 
organic salts and in spite of low values for inorganic salts. In addi- 
tion, from portions of the tables presented earlier, we may say that 
the differences in the salt components of the sugars are probably 
rather directly related to the composition of the corresponding beet 
non-sugars. The high and low ashes in a particular region may, how- 
ever, be partly due to (1) differences in the amount of raw sugars on 
percentage of juice solids that are recirculated, (2) sugar-boiling con- 
ditions, and (3) effectiveness of washing in removing external sur- 
face of the sugar crystals which are high in ash. A more compre- 
hensive study is in progress on white massecuites and molasses in 
hope that general relations may be found which will indicate whether 
at each particular factory the quantity of sugar ash is affected more 
by beet composition or by the thoroughness of refining operations. 
























The Measurement of Color and Turbidity in 
Granulated Beet Sugars 


R. A. McGinnis AaNp E. E. Morse! 






In the early days of beet-sugar manufacturing, the measurement 
of white-sugar color and turbidity did not present serious problems. 
As long as the product was one which was white to visual inspection, 
all requirements were satisfied. The last 20 years, however, have 
been marked by steady and successful efforts to improve various 
sugar-quality factors, until today minute differences which are totally 
invisible excepting to the highly trained eye are regarded of great 
importance. Unfortunately, in the case of color and turbidity at 
least, the skill of the research workers and instrument designers has 
not been adequate to keep pace with the requirements. 










The result is that scarcely any two beet-sugar companies use the 
same method. Turbidity is seldom measured. As far as color is con- 
cerned there are innumerable methods in use. The most official 
method is probably that of Keane and Brice, since this is used by the 
Carbohydrate Division of the United States Department of Agricul- 
ture in their annual survey of the Nation’s beet sugars. However, 
their measurements cannot be duplicated or checked by anyone else. 









This paper was presented by P. W. Alston, General 









iSpreckels Sugar Company 
Chemist. 
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As stated in a letter by H. S. Paine, Chief of the Agricultural Chemi- 
eal Research Division: 

‘*We feel that readings on different instruments should show the 
same comparative values on a series of sugars, but the level of the 
readings need not necessarily be identical.’’ 

This unsatisfactory situation is due chiefly to the very great dif- 
ficulties inherent in the problem. It appears almost impossible to 
obtain satisfactory color readings on solid sugars. Turbidity, of 
course, can only be read on solutions. Any color readings on solu- 
tions are tremendously complicated by the fact that it is necessary 
to separate the light absorptions due to color and turbidity. Another 
difficulty in the problem is the extremely small amount of absorption 
involved in the coloring matter of white sugars. The authors have 
reached the conclusion that this field must be a unique one in pho- 
tometry, as the great majority of the instrument manufacturers do 
not design instruments to measure such small absorptions. 


Measurement of Turbidity 
Measurements of turbidity must be made on solutions of the 
white sugars. As far as can be determined, turbidity measurements 
in the beet-sugar industry have been seldom made, and when made, 
have been done in a strictly qualitative manner by visual inspection. 
Quantitative turbidity measurement can be divided into at least 


three types: . 

Measurement by Visual Clarity.—In this type, an image of some 
nature, such as a candle flame or a black and white figure, is ob- 
served through a column of liquid, and the length of the column at 
which the image can no longer be seen distinctly serves as a measure 
of the turbidity. The most common example of this type is the Kopke 
turbidimeter, which is widely used for measuring the turbidity of 
thin juices. This type of measurement is little affected by the pres- 
ence of color, and might be quite suitable if it were not for the minute 
nature of the turbidity in white sugars. Some preliminary experi- 
ments by the authors indicated that a liquid column length of over 
a meter would frequently be required for our sugars. This type of 
measurement also suffers from the fact that the results must depend 
to a certain extent on the visual acuity of the observer, since no way 
has been suggested of applying photoelectric methods. 

Measurement of Absorption by Transmitted Light.—This type of 
measurement falls into two classes. In the first, no mechanical fil- 
tration of the solution is used. Thus, unless a correction is made for 
the coloring matter present, false results will be obtained. Correction 
may be made by comparison with a solution or other light filter hav- 
ing the same color but without the turbidity of the solution being 
measured. The Klein turbidimeter, which is generally used for meas- 
uring the specifie surface of lime, is a good example of this type. 
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Another instrument, the Lovibond-Schofield apparatus (2) in which 
the color is compensated for by Lovibond plates, has recently been 
suggested.? Practical difficulties make the use of such an apparatus 
inadvisable. In addition to the time involved in making up plate 
combinations to secure a match, the actual coloring matter appears to 
be altered by the presence of turbidity, making it highly improb- 
able that an accurate compensation for color would ever be made. 

The second class of measurement of this type may be considered 
as the truly fundamental method. The absorption of monochromatic 
light is measured by a spectrophotometer. The solution is then me- 
chanically filtered to remove the turbidity and the absorption meas- 
ured again. The difference between the two absorption measurements 
is obviously an index of the turbidity. This method was proposed 
by Balch (1) in 1931. The difficulty with this type of measurement 
lies entirely in the filtration of the solutions. Peters and Phelps (5) 
have given a procedure for the rigorous filtration required. This is 
laborious and time consuming, and utterly impractical for even semi- 
routine work. There is likewise always the possibility that a filtra- 
tion capable of yielding an optically clear filtrate tends to remove 
some of the coloring matter. Turbidity, as we have found at Wood- 
land, appears to be of at least two types; one composed of larger par- 
ticles which may be readily distinguished by the eye or under a 
microscope, and a milky type resembling colloidal sulfur, which at 
least borders on the colloidal state and is filtered out only with the 
greatest difficulty. While this method will always be of value for 
absolute measurements in which time and labor are not a factor, 
it cannot be considered for routine work. 


Measurement by Tyndall Beam Intensity.—Many methods have 
been proposed using this principle. Strictly speaking, only colloidal 
solutions give a Tyndall Beam, but suspensions scatter light in such 
a manner that the intensity of the scattered light may be used in a 
similar manner to measure turbidity. Unfortunately, most methods 
do not allow for correction of alterations in the scattered light caused 
by coloring matter in the solutions. This method is frequently used 
in filter-press control, where the turbidities involved are large enough 
so that the effects of reasonably constant coloring matter are negli- 
gible. 

During the 1940 campaign, the Woodland factory put into rou- 
tine use an instrument working on this principle, the Hellige turbidi- 
meter. It was better than having no turbidity control at all, but 
was never really satisfactory. We feel, however, that it is at present 
the most accurate independent method of measuring sugar turbidity 
(barring a method mentioned later in the paper) and that by its use 
one has a valuable tool with which to improve sugar quality. 


“Figures in parentheses refer to Literature Cited. 
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Measurement of Color 


Measurement on Solid Sugar.—The measurement of white-sugar 
color may be divided into two types, that in which measurement is 
made on the solid sugar, and that in which it is made on a solution 


of the sugar. 

Measurement in the solid state is generally accomplished by meas- 
uring the reflectance of the sugar. So many other factors than the 
sugar color can cause variations in the amount of reflected light that 
the errors in this method can be very great. In the first place, the 
amount of reflected light varies, depending on the angle from which 
it is viewed. This angle must be either rigidly fixed, or an integrated 
reading of all the light reflected must be made. This is frequently 
done by the use of integrating spheres. The size of the sugar crystals 
has a very great influence on the amount of light reflected. For 
example, even a very highly colored sugar, when powdered, gives a 
very high reflectance, while Confectioner’s A, probably as pure a 
sugar as is manufactured, gives a very low reflectance. Experiments 
have shown that in order to eliminate this factor, reflectance meas- 
urements must be made on earefully screened samples of identical 
grain size. The amount of packing in the sample cup is of great 
importance. The cup must be deep enough so that there is no chance 
for the cup material to affect the color. This matter is far more 
critical than might be supposed. The sugar must be packed in the 
eup to a very constant density. Assuming that the measurements 
are made at a fixed angle, on samples of identical screen size, packed 
in a deep cup, to exactly the same density, the measurements will be 
again found to vary with the amount of moisture in the sugar. Dif- 
ferences resulting from processing methods, such as are noted between 
Steffen or non-Steffen sugars, will result in subtle differences in 
surface texture directly affecting reflectance, without any difference 
in color. The Spreckels Company, probably in common with many 
other sugar companies who have investigated the subject, decided long 
ago that measurements of reflectance were unlikely to lead to satis- 
factory color measurements. 

In many sugar factories a visual examination of the sugar, some- 
times in comparison with standard sugars, suffices for control pur- 
poses. It must be noted, however, that such measurements are not 
of eolor alone, but of a great number of other factors as well. This 
combination reading may be what is required. This is largely a 
matter of definition. In the Spreckels Company, by the color of a 
sugar is meant the color of a 50-percent aqueous solution of the sugar. 

Measurements on Sugar Solutions.—Methods of measuring sugar- 
solution colors may be divided into two classes: 

1. Visual measurements. 

2. Photoelectric measurements. 
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Visual Measurements 

Up to recent years all measurements were visual, for the very 
good reason that usable photoelectric cells did not exist. The simp- 
lest method is to look at a solution and grade it fair or good. This is 
still in use in some modern beet-sugar factories. Such a grading gen- 
erally combines color and turbidity. The method in most general 
use to date is unquestionably that involving the use of the color com- 
parator. In this general method the color of a column of a solution is 
observed and compared with a standard. For quantitative measure- 
ments a series of fixed standards may be used, a variable standard, 
or the column of solution is varied to match a fixed standard. 

One of the most well-known comparators is the Stammer. 

In this instrument a colored glass is used for a standard, and a 
match is obtained between the two fields by varying the height of 
the sugar-solution column with a glass plunger. 

In many comparators the standard is itself a solution of some 
colored material approximating that of the sugar solutions. Among 
the solutions that have been used are caramel (ulmin), bichromate, 
and various mixed chemicals. 

The Spreckels Company uses platinum chloride (H.PtCl,+6H,0O) 
which is a well-known reagent for potassium determination. The 
origin of the method is unknown, but it is believed that it was origi- 
nated by S. C. Meredith. In any case it has been used for more than 
15 years by certain of this company’s plants. Spectrographs have 
shown that the absorption spectrum of platinum chloride very closely 
approximates that of normal sugar-coloring matter. It has the addi- 
tional advantage that it is very stable in the absence of reducing 
agents ; however, it deteriorates immediately if any such are present, 
as for example sugar. This material is dissolved and standardized 
against Lovibond plates. In practice, a simple comparator of the 
type shown is used. 

A sample of the white sugar is dissolved in an equal weight: of 
boiling water and stirred with an electric stirrer. This procedure 
results in a solution that is quite free from air. bubbles. Experiments 
have shown that the use of hot water slightly increases the color, 
but as this increase is roughly constant it is ignored. The solution 
is poured into a Nessler tube up to a predetermined mark. The ob- 
server then varies the height of platinum-chloride solution in a simi- 
lar tube beside it, until, on looking down through the tubes, the shade 
of color in the two tubes appears to be equal. The depth of the plati- 
num-chloride solution is then measured, and used as a color index. 

The advantages and disadvantages of this type of measurement 
are common to almost all comparator methods. 


Among the advantages are: 1. The effect of turbidity is largely 
eliminated. Many tests have shown that a skilled observer can match 
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the color successfully with a very considerable amount of turbidity 
present. 

2. The apparatus is low in cost. 

3. The method is very rapid. 

Among the disadvantages are: 1. The presence of turbidity 
actually changes the color to a certain extent, since the short-wave 
lengths of light are more easily scattered than the long-wave lengths. 

2. While an absorption standard may be obtained, which, on 
the average, matches the sugar-coloring matter very closely, devia- 
tions from the average are unfortunately very common and frequent- 
ly large. When the colors are actually different, only very approxi- 
mate matches can be made. 

3. The personal element enters into these methods very seri- 
ously. After studying this type of instrument for a long period of 
time, the Spreckels Sugar Company has come to the conclusion that 
the deviations from the average of the spectral sensitivity of human 
eyes are very great. 

The following table illustrates this effect very well. A number 
of sugar solutions of widely different colors were read on the plati- 
num-chloride comparator by a number of trained observers. The 
table shows how these observers read with respect to the average 
reading for each solution (the average being 1.00). 

Table 1. 





Observer Solution No. 1 2 3 4 5 6 7 
1 1.44 1.10 130 1.23 1.06 1.14 1.10 
2 1.05 1.05 1.25 1.05 1.11 0.95 1.21 
3 0.88 0.92 1.05 0.90 1.11 1.01 1.04 
4 1.01 0.92 1.02 0.90 1.01 0.95 1.02 
5 0.88 0.79 0.90 0.90 0.93 0.95 0.82 
6 0.93 0.77 0.62 0.93 0.88 0.78 1.03 
7 0.65 1.18 0.80 0.87 0.83 0.95 0.96 





It will be seen that certain observers fairly consistently read 
above or below the average. 

When the reading: is critical, i. e., when it is near the color limit, 
and the reading is to decide whether or not the strike is to be re- 
melted, the above effect can be a serious matter. Few more pitiful 
spectacles exist than that of a shift chemist reading a color that is 
near the limit, in a turbid solution with non-standard color distribu- 
tion, surrounded by operating men and other chemists ready to con- 
test any reading he makes. It is largely for the above reasons that 
the Spreckels Company has for years been seeking a method of read- 
ing color that would be free from the influence of turbidity, that 
would be free from the personal element, that would be more precise 
than the present method, and that would give reproducible results on 
different instruments. 
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Photoelectric Method 
With the development of the photoelectric cell, particularly the 
barrier type, many new possibilities have been opened up in the quan- 
titative measurement of color. 


It is not within the field of this paper to discuss in detail types 
of photoelectric comparators. However, mention will be made of the 
fact that the electric circuits used fall into two different classes, 
those using a single photocell, and those using two. The single-photo- 
cell instruments require constant voltage to the light source and more 
manipulations in reading, and have been found in general distinctly 
inferior to the 2-cell circuits. 


With the use of photocells to measure absorption, the personal 
element is eliminated entirely, and a far more accurate reading is ob- 
tained. However, the problem of eliminating the effect of turbidity 
becomes more acute. The photocell cannot distinguish between ab- 
sorption due to color and turbidity as can the human eye. Two meth- 
ods for solving this difficulty have been published in the literature; 
that of Keane and Brice (3) and that of Nees (4). 


Mathematical Relationships 


The transmittaney of a turbidity-free sugar solution will be rep- 
resented by T,. and that of a colorless sugar solution by T;. For a 
solution containing both color and turbidity, the transmittanecy T 
is given by the fundamental expression 

T — T,. x T; (1) 
If the transmittancy measurements are made with light passed by 
different filters, say a blue-green and a red filter, then 

Ty, = Tee x Te (2) 
and To = TF, = Fa (3) 
The notation is obvious. 

Keane and Brice (3) assume that T,. is constant and equal to 
1.00 for solutions of white sugars, stating that there is virtually no 
light absorption in the red part of the spectrum by the small amount 
of coloring matter present. From this assumption and equation 3, 
they obtain 

T, = Tre (4) 
and set the turbidity index equal to the percentage absorbancy of 
red light, namely 

I, = 100 (1 — Tn) = 100 (1 — T,) (5) 
They also set the ratio Ty,/T, equal to 1.00, although they state that 
it is only an approximation. Then’ from equations 2 and 3, they 
obtain 


T,/T;, —_ Tge/T re x Tyt/T rt - Tge/1 x1 = Tg (6) 
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The color index is thus taken as the percentage absorbancy of the 
blue-green light in a turbidity-free solution and by the assumptions 
above is expressed as 

I. = 100 (1 — T,.) = 100 (1 — T,/T;) (7) 

A. R. Nees (4) was not able to substantiate the assumption of 
Keane and Brice that both T,, and Ty/T equal 1.00. Nees sug- 
gested that experimentally determined factors be applied to correct 
the difficulty and proposed expressing color and turbidity in terms 
of percentage absorption of blue light. Nees’ method is not satis- 
factory in that the use of an additive relationship of the absorban- 
cies due to color and turbidity cannot be employed if a long cell is 
used. If A is the absorbancy, from equation 1 

1— A = (1 — A,) (1 — A;) (8) 
whence A = A, + Ar — A.A; (9) 
If the absorbancies are low, as wes the case with the short cell used 
by Nees, the term A.A; can be neglected. However, if a long cell is 
used and the absorbancies vary from roughly 0.15 to 0.50, the term 
A.A; cannot be neglected. The absorbancies obtained with a cell of 
the length used by Nees are not large enough to permit adequate 
photometric accuracy to be obtained (6). 

It would seem that the best solution to the problem is te deter- 
mine experimentally the relationships between T,. and T,. and _ be- 
tween T,, and Ty. By means of these relationships and equations 
2 and 3, the color and turbidity indices can be caleulated and 
expressed as 

I, = 100 (1 — T,) (10) 

I, = 100 (1 — Tr) (11) 
Thus the indices are expressed by equations of the same form as 
employed by Keane and Brice. 


Description of Apparatus 

A Lumetron photoelectric colorimeter made to our design by the 
Photovolt Corporation of New York City was used for the transmit- 
tancy measurements. The instrument is essentially their Model 402E, 
but altered so as to take a 25.0-em. cell. The light source was re- 
placed by a 6-8 volt, double-contact, automobile headlamp which 
was lighted by storage batteries. 

The two filters used were the same as employed by Keane and 
Brice (Corning light shade blue-green, No. 428, 3.4 mm. thick and 
Corning traffic red, No. 245, 3.05 mm. thick. The No. 428 filter 
used in this work was from melt 194.) Data supplied by the manu- 
facturer indicate that the transmission eurves for the No. 428 filter 
are practically indentical for different melts of glass. The No. 245 
filter covers a narrower spectral range and should be readily repro- 
ducible. If necessary, slight adjustments in filter thickness can be 
made to correct for any difference in the melts. 
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The color temperature of the light source was arbitrarily set at 
2485° Kelvin. It was measured with an Eastman color temperature 
meter. For convenience in routine work, the lamp temperature ad- 
justment is made by noting the galvanometer deflection with the No. 
428 filter in position. This was checked from time to time against 
the Eastman meter. Experiments showed that the measured trans- 
mittancies were not dependent to any marked extent on the color tem- 
perature of the lamp. A change of 160° in the temperature did not 
change the measured transmittaney with the red filter a measurable 
amount and changed the blue filter reading 1.9 percent. The color 
temperature can probatly be adjusted to within 15°, which is equiv- 
alent to a transmittaney variation of 0.2 percent. 


Experimental Procedure 


The primary transmission standard used in this work was a 
colorless, turbidity-free, 50 R.D.S. sugar solution. It was prepared 
from confectioners sanding sugar by adding Dareco decolorizing ear- 
bon to the hot solution, allowing it to cool, filtering on a Biichner 
funnel through No. 40 Whatman paper, and filtering through as- 
bestos, according to the recommendations of Peters and Phelps (5). 
In this work the word turbidity-free is applied to any solution which 
was filtered through the specially prepared asbestos. There has been 
much discussion in the literature regarding color adsorption of as- 
bestos and other filtering media (1, 5, 7). However, experiments 
made by the Spreckels Sugar Company indicate that any adsorption 
of coloring matter from solutions of granulated sugar by asbestos is 
slight and can be neglected without introducing serious error. 


For convenience, a secondary transmission standard was pre- 
pared and standardized against the primary standard. Two 5-em. 
squares of thin glass from photographic plates were bound together 
with the inner surfaces separated by a border mask of thin ecard- 
board. The transmittancies of this absorber for red light and blue- 
green light were determined, taking the transmittaney of the standard 
sugar solution in the 25.0-em. absorption cell as 1.000 in each ease. 
The secondary standard was checked in this manner several times 
during the course of the work. In routine runs, the circuit of the 
Lumetron was readily balanced by using the secondary standard 
without the necessity of having standard sugar solutions always on 


hand. 


Fifty R.D.S. solutions of granulated sugar were prepared by mix- 
ing equal weights of sugar and boiling double distilled water. After 
cooling to room temperature, the transmittancies of the solutions were 
measured in the 25.0-em. cell, using first the blue-green and then the 
red filter. The solutions were next filtered through asbestos and the 
transmittancies again determined. 
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Duplicate and triplicate runs made with several sugar samples 
show that the transmittancies of the asbestos-filtered solutions are 
quite reproducible. The deviations from the average transmittancy 
for two or three runs on each of five samples of sugar were only a 
few tenths of a percent. 

A considerable number of colorless but turbid 50 R.D.S. sugar 
solutions were also run in the colorimeter. The turbidizing agent 
was prepared by adding a little Fuller’s earth to a colorless sugar so- 
lution, stirring well and allowing to settle overnight. The supernat- 
ant liquid was decanted and used to turbidize other colorless sugar 
solutions. A few measurements were carried out on solutions made 
turbid with finely divided amorphous sulfur. 


Transmittancy Measurements 


A large number of samples of beet sugar from the three factories 
of the Spreckels Sugar Company and a lesser number of cane sam- 
ples from the Western Sugar Refinery were used in the work. All 
the beet-sugar samples were of white granulated sugar. 

The ratio T/T, was ecaleulated from the relationship 

Ss Te 
T/T; -x— 
7. Ze 

Relationships Between T,, and T,;.—The transmittancy measure- 
ments showed plainly that T/T, cannot be set equal to 1.00 if ae- 
curacy is desired. 

In a number of cases the ratio departs markedly from 1.00. Thus 
in three cases the ratio was found to be as high as 1.2. It is there- 
fore necessary to establish from the experimental data the relation- 
ship between T,, and Ty. In this connection it is advantageous to 
use the data which were obtained from artificial turbidities. In the 
first place, the use of artificial turbidity allows one to cover a greater 
range of turbidity and with greater uniformity. Secondly, it permits 
the use of a more nearly true turbidity rather than having to depend 
upon chance in using natural sugar turbidity. Often the low trans- 
mittancies observed with sugar solutions are due to fibers, large dust 
particles and the like, especially if the samples have been stored in 
cloth bags. Even what might be called true turbidity is not constant 
in nature or particle size, but depends on its source and other factors. 

It was found empirically that the relationship between T,, and 
Tt is best expressed by an equation of the form T/T = k, + ky Tr. 
The data were treated by the method of least squares and the equa- 
tion obtained was 

Tre/T ye = 1.224 — 0.220 Ty (12) 
The averagé difference between the observed and calculated values 
of Ty:/T ge is 0.008. . 
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Relationship Between T,. and T,..—Early in this work it was 
realized that colored but turbidity-free solutions did not transmit all 
of the light passed by the red (Corning No. 245) filter. It was at 
first thought that possibly some constant value of T,. could be em- 
ployed, but such did not prove to be the case. An analysis of the 
data showed that the relationship between T,. and T,. could be well 
expressed by an equation of the same type as was used for the tur- 
bidity ratio, namely T,./T,. == ky, + k, Tye. This relationship was ob- 
tained using only the data for the beet-sugar samples inasmuch as 
it was found that no significant difference was obtained between the 
equations for the individual beet plants, but that they did differ con- 
siderably from the equation obtained for the cane-sugar samples. 
Thus it seems advisable to use one set of coefficients for beet sugar 
and one set for cane sugar. Most of the samples investigated in this 
work were beet-sugar samples (107 beet, 16 cane) and the equation 
presented applies to beet sugar. Many more cane samples should be 
run to obtain a truly representative equation for cane sugar. The 
final equation obtained for beet sugar was 

Tec/Tre = 0.310 + 0.673 Tye (13) 
and the average difference between the observed and calculated values 
of the ratio is 0.007. 


Derivation of Equations for Color and Turbidity Indices 


If the color of a sugar solution is to be expressed as the percent- 
age absorbancy of blue-green light by the turbidity-free solution, it is 
necessary to caleulate T,. from the measured values of T, and T, 
employing equations 2, 3, 12 and 13. Similarly, the turbidity index 
can be caleulated by finding T+. 

After performing the algebra the following equations for T,. and 

for T,.; are obtained : 
Tee? + Tee [0.461 + T, (0.220 — 1.819/T,)] + .0.101T,=0 (14) 
Tre? + Tre [-5.564 — T, (0.673 — 1.409/T,)] +3.744T,=—0 (15) 
Only one root in each equation is significant. T,. must be greater 
than or equal to T,, but less than 1.00. Also T, must be greater than 
or equal to T,, but less than 1.00. 

A table was prepared by substituting various values of T, and 
T, in equations 14 and 15 to obtain the transmittancies and then 
these were converted readily to percentage absorbancies, the units 
of the color and turbidity indices. 


Comparison of Observed and Calculated Color and Turbidity Indices 


A practical test of the method can be made by comparing the 
observed and ealeulated color and turbidity indices. The color index 
is given as 100 (1-T,.) and the turbidity index is 100 (1-T,/T,,.). In 
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the following table these indices are compared with the indices caleu- 
lated from equations 14 and 15, using the observed values of T, 
and T,. 

The average difference between the calculated and observed color 
indices is 1.9 units; for the turbidity indices, it is 1.4 units. The 
agreement is especially gratifying in the cases of high turbidity. 

Practical Application 

The method has been applied for practical control work at the 
Woodland factory, and has functioned in a very satisfactory manner. 
It has the full approval both of the laboratory force and the operat- 
ing men. Just before the close of the campaign, in fact, two more in- 
struments were installed in the other two factories of the Spreckels 
Sugar Company. About 7 minutes are required for each complete 
analysis. In a brief form, the procedure is as follows: 

1. One hundred and fifty grams of sugar are dissolved in an 
equal weight of hot, distilled water, and stirred into solution. 

2. The hot solution is poured through a heat exchanger from 
which it emerges at approximately room temperature. 

3. The cooled solution is poured into the absorption cell. 

4. The color temperature of the light source is checked. 

5. The blue-green filter and secondary standard are inserted 
and the Lumetron balanced to the required value. 

6. The secondary standard is removed, the absorption cell 
inserted, and a reading made of the transmission. 

7. The same procedure is carried out with the red filter. 

8. From the two readings, the color and turbidity indices are 
obtained from tables. 

Discussion 

The color and turbidity indices in this method are given as per- 
centage absorbancies due to color or turbidity for an absorption cell 
25.0 em. in length. Naturally the values will differ for another cell 
length. It has been found, however, that a cell of this length is neces- 
sary for optimum absorption (6). 

With control of color temperature of the illuminant, and some 
care in duplication of light filters, there should be little difficulty 
in obtaining substantially the same results with different instruments. 

In order to save time, the sugar samples are dissolved in hot 
water. Tests have shown that this causes a slight increase in color, 
but as it is roughly constant, it is ignored. 

There is no definite assurance that the exact relationships given 
in this paper will hold for coloring matter and turbidity present in 
beet sugars from other districts. In the case that they do not, the 
correct relationships may readily be established by the methods de- 
scribed. The problem is one of unusual complexity, and unfortunate- 
ly no simple solution seems possible, barring the perfection of a 
method for rapid, optical filtration of sugar solutions. 




















Table 2.—Comparison of observed and calculated color and turbidity indices. 





Color index 


Turbidity index 











Sugar sample Observed Calculated Observed Calculated 
1 24 27 13 12 
2 33 38 25 19 
3 5 25 13 12 
4 27 31 26 24 
5 31 32 20 19 
6 33 36 28 27 
7 26 27 20 20 
8 30 34 11 8 
9 29 32 10 10 

10 28 28 15 14 
11 32 36 30 28 
12 28 31 17 17 
13 28 33 17 14 
14 27 25 10 11 
15 31 36 23 21 
16 35 36 22 22 
17 25 29 7.7 5.4 
18 30 32 19 19 
19 28 32 12 10 
20 27 32 13 11 
21 24 23 8.8 8.7 
22 23 23 7.6 7.6 
23 24 25 9.2 9.0 
24 23 23 7.7 6.6 
25 21 25 12 1 
26 21 19 9.2 9.9 
27 21 21 9.2 8.1 
28 21 22 7.2 5.7 
29 23 24 7.0 5.4 
30 24 25 9.5 8.7 
31 24 21 8.3 10 
32 23 22 5.2 5.5 
33 27 27 .9 6.2 
34 27 29 7.2 5.8 
35 27 29 6.8 4.7 
36 26 28 5.0 40 
37 29 31 8.0 5.8 
38 31 37 27 25 
39 30 29 10 9.7 
40 26 27 6.1 5.5 
41 24 2 7.6 7.6 
42 25 23 75 7.2 
43 20 21 7.6 7.4 
44 21 21 5.9 6.0 
45 20 21 4.6 43 
46 24 25 6.4 5.7 
47 23 22 4.8 0 





1 & io 
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Safety Problems in the Sugar Industry 


FRANK M. SApine! 
General Discussion of Safety and Accidents in Industry 


It is felt that this is an appropriate time to discuss safety prob- 
lems in the beet-sugar industry in view of the fact that accidents and 
injuries to workmen have been taking such a large toll in American 
industry. The safety problem is definitely an operating and manage- 
ment problem and is a cost burden to operations that can be reduced. 
The accident experience in the beet-sugar industry is certainly no bet- 
ter than average when compared with other American industries, and 
published figures of accident ratios indicate that we have much to ac- 
complish. 

As no accident figures for the beet-sugar industry as a whole are 
available, the scope of the problem can best be brought out by a few 
figures quoted in current literature on the subject. In 1940 accidents 
in American factories cost 114 billion man hours of production. 
There were 17,000 deaths and permanent disabilities were quoted 
from 60,000 to 93,000. In addition to this, there were over 1,250,000 
temporary disabilities or an average accident toll of one day per 
worker. 

In 1939, according to the National Safety Council, accidents cost 
this country $600,000,000, and of this amount almost $32,000,000 
was paid out to cover the cost of eye injuries alone. Each year 75 


1Assistant General Superintendent, American Crystal Sugar Company, Denver, 
Colorado. 
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workers lose the sight of both eyes and 2,000 others lose one eye as 
the result of accidents. It has been recently stated that more time 
has been lost during the past year as the result of industrial accidents 
than has been lost through labor difficulties which have been so high- 
ly publicized. In the face of these facts it is apparent that every 
industry must be concerned in promoting safety and safe-working 
conditions. 
Types of Accidents in the Beet-Sugar Industry 

In a general discussion of safety problems in our industry, no 
statistical analysis of the various types of accidents has been made. 
In view of the wide range of our operations, the various types of acci- 
dents occurring may be classed as typical of industry as a whole. In 
the light of our own experience, we at least have the satisfaction of 
knowing that probably 95 percent of the accidents are such that no 
mechanical safeguard would have prevented the accidents and it was, 
therefore, not caused by laxity in providing adequate safeguards for 
employees. The accidents occurring in our operations are divided 
into agricultural and factory. The accidents most frequently noted 
in these two groups are as follows: 

Agricultural.—The accidents occurring in connection with these 
operations are not large in numbers and occur mainly during the 
harvesting period. They are, however, usually severe as in most in- 
stances beet-handling machinery is involved. In connection with 
these, the types most commonly noted are as follows: 

1. Strains caused by moving cars or beet-handling equipment 
which involves the movement of heavy objects and judgment is not 
used in considering the weight factors involved. 

2. Slipping and falling while moving cars and equipment, or 
tools slipping while moving ears. 

3. Actual injuries caused by the equipment itself and the result 
of working on equipment such as oiling parts while in motion, ad- 
justing belts and gears. The largest percentages of these accidents 
are the result of action contrary to safety rules and instructions. 
They are usually severe, resulting in the loss of hands, arms, or frae- 
tures. Fortunately the number is not high and continual safety edu- 
cation is stressed to reduce their number. As the employment is sea- 
sonal, the problem is complicated since men so employed have not 
had the experience with the equipment that would be of value in re- 
ducing accidents. 

Factory.—The accidents that occur in connection with factory 
operations are largely the result of carelessness on the part of em- 
ployees and are usually of a minor nature. They may be classified 
as follows: 

Slipping and Falling.—A large percentage of the accidents re- 
ported are caused by slipping and falling. It is impossible to keep 
floors perfectly dry and in most cases the men hurry without giving 
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consideration to the hazards involved. These accidents occur mainly 
at the beet sheds, beet flumes, and on filter-press stations. <A large 
number of accidents that are caused by tools slipping while working 
on equipment could be classified in this group. This is particularly 
true during the inter-campaign period when equipment is being over- 
hauled. These accidents are not the result of faulty tools, but are 
caused by the employee not taking the time to use tools properly. 

Strains While Lifting.—A large number of accidents are the 
result of strains while lifting and usually are caused by the worker 
standing in the wrong position while he lifts a weight. In a few in- 
stances the men are not physically fit for heavy lifting, but the ma- 
jority of the accidents are the result of improper practice either as to 
the proper manner of lifting or in attempting a load too great. Acci- 
dents of this type occur mainly in the sugar and pulp warehouses, 
lime kiln, and in connection with handling of supplies. 

Burns.—There are a fairly large number of burns reported each 
year, although accidents of this nature are not as high in number as 
they used to be. During operations these are caused by hot water 
while cleaning and brushing against steam lines, and there are some 
chemical burns from handling acid, caustic, and lime. We have had a 
few burns caused by improper lighting of gas-fired equipment in a 
manner contrary to all instructions in this regard. During inter- 
campaign, there are a number of burns incurred in welding opera- 
tions. 

Eye Injuries.—This type of injury is frequent in occurrence but 
mainly of a minor nature. The bulk of them are the result of air- 
borne objects being blown into the eye. Goggles and shields are pro- 
vided and during recent years there has been a reduction in the num- 
ber and severity of this type of accident. The accidents of this nature 
occur mainly in the yards and lime kiln, handling supplies, and dur- 
ing the cleaning of tanks and equipment. 

Miscellaneous.—The accidents that are classified in this group 
consist of cuts and bruises, sugar boils, and those that do not fit into 
the groups listed above. They are of a minor nature and medical at- 
tention and expense is mainly the result of carelessness on the part of 
the employees in not having their injuries properly attended to and 
infection results. Proper attention when an accident occurs and gen- 
eral use of sanitation facilities available at the plants will greatly 
reduce the expense of infections resulting from minor cuts and 
scratches. 

Safety Program for Accident Prevention 

In presenting the program that has evolved from our experience, 
it is not with the thought that ours is either perfect or elaborate but 
more for an exchange of ideas on this subject. We continue to give 
much thought to make improvements yet do not wish to carry out one 
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that is too complicated and out of proportion with regard to opera- 
tions as a whole. 

We consider a safety program as essential in our operations not 
only from the economic standpoint but also as a matter of good rela- 
tions with employees as is best shown from the following considera- 
tions : 

First.—From our point of view, an injured fellow-worker is in 
most cases in pain or threatened with a permanent disability. We, 
therefore, ask ourselves if this suffering could not have been pre- 
vented by proper safeguards or instructions? 

Second.—Safety is a matter of good relations with fellow em- 
ployees. We want them to know that we are interested in safety and 
unless we do this we will be unable to obtain the interest and coopera- 
tion of our men. 

Third.—A safety program coupled with adequate insurance cov- 
erage is costly and any savings that result reduces the cost of our 
operations. The large burden borne by industry in connection with 
accidents must be added to operating costs and the amount involved 
makes it essential that safety problems be given serious consideration. 

Fourth.—Safety and production go hand in hand and we, there- 
fore, must consider this from a production standpoint. An injured 
man cannot contribute to production to the full extent of his capa- 
bilities. The labor situation is becoming more acute, men skilled in 
the sugar industry are hard to obtain, and the training period in cer- 
tain phases requires time. It is, therefore, necessary to do everything 
from a safety standpoint that will maintain production at efficient 
levels. 

In carrying on our safety program, it is divided into two classi- 
fications, the plant organization and general office having the fol- 
lowing functions: 

Plant Organization.—The plant organization is patterned along 
familiar lines and consists of a safety committee headed by the sup- 
erintendent, master mechanic, and chief chemist. There is also a 
safety committee made up of at least five members of the regular 
employees who meet and discuss aecidents and recommendations. Gen- 
eral safety meetings are held to discuss and compare accidents occur- 
ring locally and at other plants. 

General Office.—The safety work handled by the general office 
is of a supervisory and statistical nature. The office serves as a 
clearing house for accidents and recommendations. Each month a 
statistical letter is prepared comparing the accident records of the 
plants and attempting to present them in a manner that will be of 
interest and help in reducing accidents. We feel that a safety pro- 
gram is largely a selling matter and do everything possible to main- 
tain interest and to make our men safety conscious. The method of 
recording and reporting accidents is as follows: 
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1. All injuries that require medical attention are classified and 
tabulated as accidents regardless of any lost time involved. We do 
this because all injuries are potentially serious and while one plant 
may not have any lost-time accidents they may have a large number 
of minor accidents that are potentially dangerous, or costly from a 
medical standpoint. All cases requiring medical attention are tabu- 
lated each month together with total hours worked at the reporting 
plant. A graphical chart is made up showing the accidents on the 
basis of 100,000 man hours. The plant having the highest number of 
accidents per 100,000 man hours is shown in red, and a safety slogan 
is placed on the chart each month as a reminder. A letter accompan- 
ies the chart and this lists the aecidents occurring and during inter- 
campaign the name of the injured workman is included. We feel that 
this makes the letter more personal in nature. The campaign acci- 
dents are summarized in groups. These monthly letters go to all in- 
terested parties in the company and one is posted so that it is avail- 
able for all employees to read. In addition, the letters are read at 
the regular safety meetings and the accidents discussed. The charts 
are made up for periods of 6 months and are labeled for ‘‘ Campaign’’ 
and ‘‘Inter-Campaign’’ periods. The attached charts are typical of 
these 2 operating periods and you will note that the inter-campaign 
accident frequency is somewhat lower than the campaign frequency. 
This is due partly to the more experienced employees and the possi- 
bility of continued education in safety matters. 

2. <A further basis for our safety program is our regular inter- 
campaign crew consisting principally of foremen and men in key 
positions during campaign operations. They are an excellent nucleus 
for a campaign safety organization and efforts are directed to obtain- 
ing their interest and cooperation so that they in turn will work along 
these lines when operations are under way. We plan to inaugurate 
a foreman’s report for each accident so that they will be made to 
feel more directly responsible for the men working under their super- 
vision. The proposed form will carry the information indicated on 
page 573. 

3. Letters of commendation from the general office are sent to 
each plant operating a month without any accidents requiring medi- 
eal attention. These help to maintain interest and are a relief after 
the various letters of criticism made when accident rates are high or 
when attention is called to specific cases. 

4. Safety posters received from insurance carriers are posted 
about the plants in convenient places and these are changed at fre- 
quent intervals to create interest. 

This in brief is our method of handling and reporting accidents. 
We have not gone to elaborate safety contests as this requires constant 
changing in order to maintain continued interest. The results have 
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Foreman’s Accident Review 

Name of injured worker ................... sennmeneseinieiin eT rn 
Brief description of accident .... eenrenrs Suemeaieiebeiia massiebahinnicienaseiitappnemnbinsbigaaneatibatanttias 
In every case indicate below by an “X”" your opinion as to the direct cause of the 
accident. 
PHYSICAL CAUSES 

Poor housekeeping (misplaced tubes, slings, chains, etc.). 

Improper clothes (shoes, loose sleeves, no goggles). 

Defective tools, ladders, materials, and other equipment). 

Defective plant conditions, (floors, stairs, and rails). 

Lack of light. 

.Not listed above (describe briefly). ........... sustithidaitaiiatiatenitiabiteanite 


PERSONAL CAUSES 
Incomplete knowledge of work attempted. 
Disobedience of instructions. 
Unfit (weak, excitable, easily tired, ete.). 
Inattention or distraction. 
Unsafe practice (haste, taking chances). 
Inability (inexperience, lack of judgment). 
Lack of proper supervision. 
Not listed above (describe briefly). ......... eiceiieenitetiiniesisieialice 


pT ye |, ee mnsananpsieanisncinimanitsiaiemnatiiadaniites 


not always been found to repay the cost and work required for those 
who have attempted this type of safety education. We feel that a 
conservative, well-rounded program, that attempts to maintain in- 
terest in safety matters will do more than anything to contribute to 
a lowered accident rate. The experience gained since 1938 along 
the lines outlined above has indicated this to be the case and the num- 
ber of accidents reported has decreased materially and we are hope- 
ful of continued improvement along these lines. 
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The Technique of Soil-Moisture 
Determination 


Pr. W. ALSTON! 


Briggs and McLane define ‘‘moisture equivalent’’ as ‘‘the per- 
centage of water retained by a soil when the moisture content is re- 
duced by means of a constant centrifugal foree until it is brought 
into a state of capillary equilibrium with the applied force.’’ They 
suggest that the soil be subjected to centrifugal force equivalent to 
1,000 times gravity. Many factors affect the results of the deter- 
mination and it has been necessary to standardize these as follows: 

The r.p.m. of the centrifuge using the standard dijsked head 
should be 2,440 plus, or minus 20. This head holds 16 centrifuge 
eups. The amount of sample taken should make about 30 grams of 
oven-dried soil. The samples should be wetted for a period of 18 to 
24 hours. The time required to bring the centrifuge to full speed 
should be the same for all tests and the time of spinning at full-speed 
constant. A 5-minute acceleration on 30-minute spinning has been ac- 
cepted as standard. The filter papers used in the centrifugal cups 
should be removed. 

The centrifuge catalogued for this work is a rather expensive piece 
of laboratory equipment. At the Woodland plant we were able to 
adopt the standard laboratory centrifuge to this work by using a 
1y-h.p., synchronous motor to control the speed. The small motor 
was connected by a V-belt with pulleys proportioned to give the de- 
sired speed. The regular motor and rheostat were used to bring the 
centrifuge up to speed and then the small motor’s switch was closed. 
This kept the machine at a constant speed. Instead of the expensive 
speed indicator we used a pair of neon-glow lamps. By painting a 
black section on the head cover you can count the apparent r.p.m. 
deviation. 

Where a large number of determinations are to be made it is 
advisable to have a rapid-weighing dampened balance. We used the 
Vechmeyer, Hoffman-Gavan attachment, made in our own shops and 
applied to a Voland pulp balance. 


Procedure 
Prepare samples by removing them from the sample cans and 
placing them in paper sacks. When nearly air dry pass them with 
the aid of the fingers only through a sieve with 2-mm. openings. 
If necessary, a sieve with 14-inch openings may be used on extremely 
difficult samples, provided they contain no gravel. Samples pul- 
verized by a mortar and pestle or by a grinding machine will give a 


‘General Chemist, Spreckels Sugar Company. 
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higher-moisture equivalent than the true value. Duplicate samples 
are taken from the sieved soil. 

Fit each of the special centrifuge cups with a small piece of filter 
paper. In each cup place 32 grams to 34 grams of the sieved sample 
of air-dry soil, depending upon the moisture content, so as to make 
30 grams of an oven-dried sample. It is not necessary to make the 
samples smooth when placed in the cups. 

Place the 16 centrifuge cups in a tin cakepan and add about 500 
ee. of tap water. This amount should completely cover the surface 
of the soil in the eups. The samples are then allowed to stand in 
the saturated condition from 18 to 24 hours. A variation of 6 hours 
makes little or no difference in the moisture equivalent. 

Tilt the cakepans so as to allow drainage for a period of 15 to 
30 minutes. Place the cups in the special centrifuge head and bring 
them up to a speed of 2,440 r.p.m. (1,000 x gravity) within 5 min- 
utes. Centrifuge for an additional 30 minutes at this speed. Remove 
the samples from the centrifuge cups and filter papers. This is done 
by inverting the cups on a clean sheet of paper and then tilting the 
paper so as to slide the sample into the weighing cans. 

Place the lids on the weighing cans and weigh them. After 
weighing, remove lids and place in the oven and dry for 20 to 24 
hours at 110° C. Re-weigh and calculate the percentage of moisture 
on a dry basis. This is the moisture equivalent. Duplicates should 
check within 0.9 percent. 





A Study of the Accumulation of Chlorides 
and Their Effect on Beet-Sugar 
Factory Operations 


Heser C. CutLer AND R. H. Woo.rey! 


The following discussion deals with an investigation of beet- 
sugar manufacturing operations made for the purpose of determin- 
ing some of the causes for the variations in yields and losses observed 
at different factories when operating under apparently identical con- 
ditions. 

The non-sugars always present in sugar beets show wide differ- 
ences in both composition and quantity, which depend on the agri- 
cultural methods used and on the geographical location of the fields 
in which the beets are grown. In a general way it may be said that 


Chemists, Utah-Idaho Sugar Company. 
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beets grown in soils that are overly rich in soluble salts suffer in 
quality regardless of how satisfactory the quantity may be. Beet 
roots grown in these salt-rich soils, themselves become strongly 
charged with the salts, especially those of sodium and potassium since 
the compounds of these metals usually found in soils are much more 
soluble than are the salts of calcium, magnesium, iron, etc. 


The processing plant, from the records of which most of the data 
gathered in this investigation were taken, is largely supplied with 
beets grown in salty soils. Analyses show that they contain a high 
percentage of chlorides, principally sodium chloride or common salt 
(table 1). These chlorides are, of course, readily extracted along with 
the sugar in the diffusion battery and so find their way into the dif- 
fusion juice. Since the final diffusion juice is made up only of the 
juice from the beets and the diffusion water, it follows that all chlo- 
rides found in the diffusion juice must come from these two sources. 
In the case of the plant under consideration it happens there is insuf- 
ficient condensed water to supply all the demands and it is necessary 
to use raw water to supply the battery. 


Table 1. 


Period 1 Period 2 Period 3 


Chlorides Chlorides Chlorides 
on 100 Percent- on 100 Percent- on100 = Percent- 
D. 8. age D. 8S. D. S. age 





Juice from beets 
(63 percent) 0804 82.0 0971 36. 84.5 
Diffusion water 
(37 percent) 0301 18.0 .0249 
Diffusion juice 
(100 percent) 6176 .7040 
Sweet water -7890 _ .7440 
Thin juice .7923 a .6940 
Increase - 48.7 . 
White massecuite .6210 
Intermediate massecuite 1427 
Low raw massecuite 3109 
High green sirup 1349 
Intermediate green sirup 3290 
Molasses 2.0770 
Low raw sugar (unwashed) A838 
Low raw sugar (washed) 730° 
Low raw remelt 3844 


*Excessive. 


The experimental work in connection with this investigation was 
performed during three separate periods, each of about the same 
duration and involving about the same quantities of beets. 

The first period covers the entire campaign of 1940 which was 
relatively short. The second covers the first 6 weeks of the 1941 cam- 
paign. During these two periods, which are comparable, the entire 
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output of low raw sugar, which had been remelted with diffusion 
juice, was returned to the first earbonators. During the last period a 
change was made in that the low raw sugar remelted with thin juice 
instead of diffusion juice was introduced into the green sirup for 
boiling to intermediate massecuite. These are the periods referred 
to in tables 1 and 2. 


Table 2.—Chlorides in factory products. 





Period No.1. _—~&Period No. 2 Period No. 3 





a? All figures in percentages 





Beets 63 

Water 37 100.0 100.0 100.0 
Thin juice (inerease) 48.7 50.2 12.1 
Remelt 20.8 16.6 None 
Thin juice 27.9 33.6 12.1 
Elimination to thin juice 8.5 6.2 4.8 
Elimination in molasses 91.5 93.8 95.2 
Elimination of non-sugars in the beets 33.80 38.66 40.92 


Purity thick juice 89.9 89.9 90.35 





The quantities of chlorides introduced into the process by the 
beets and the water were found to be approximately the same during 
all three periods (table 1). The actual amounts of chlorides as Cl 
and calculated to 100-dry substance are as follows: 











Period 1 Period 2 Period 3 

percentage percentage percentage 
I Se .0804 0971 0711 
Diffusion water . senidsianitetanbis -0301 0249 .0222 





Considering the combined chlorides from both sources as 100 
percent, the relative amounts from each are as follows: 


Period 1 Period 2 Period 3 





Percentage of Cl from beets eential 82.0 86.9 "$4.5 


Percentage of Cl from water ................ . 18.0 13.1 15.5 





The total chlorides when calculated on the dry substance in the 
diffusion juice were then found to be for period 1, .6176 percent; 
period 2, .7040 percent ; period 3, .5300 percent. 


These chlorides, which represent a high percentage of the non- 
sugars in the juice, are not removed by the lime defecating processes 
in common use, but are carried in solution with the juice from the 
earbonators. Also, since it is common practice to return the first 
wash water from the filter presses to the juice and to use the last 
washings in the lime slacker, it will be seen that no chlorides are 
eliminated except for about 3.00 percent which were found to 
remain in the filter press cake (table 3). The remaining 97.00 per- 
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cent of original chlorides present in the diffusion juice are carried 
on into the processing operations where no further elimination takes 
place. Not only is there no elimination, but on the contrary there 
will be a building up of the original chlorides in the evaporator thin 
juice as a result of returning the filter wash water to the juice. This 
condition is still further aggravated when the remelted low raw sugar 
is added to the diffusion juice as is shown in tables 1 and 2. 


This build-up of the chlorides was clearly shown by analysis of 
the thin juice which indicated there had been an increase of 48.7 per- 
cent chlorides for the first period and 50.2 percent for the second 
period while low raw remelt was being returned whereas in the 
third period when no remelt was added the increase of chlorides was 
only 12.1 percent and an accompanying gain of juice purity of 0.45 
percent was realized. This increase in purity in itself represents a 
gain of 0.13 pound of granulated sugar equivalent per ton of beets. 
A further gain was realized in that the quantity of intermediate mas- 
secuite was increased from 15.3 percent on the weight of beets during 
the first two periods to 19.5 percent on beets during the third period. 
In turn, this reduced the amount of raw fillmass from 8.88 percent 
on beets during the first two periods to 8.64 percent on beets during 
the third period. Consequently less molasses was produced and a 
reduction of 2 percent in the sugar content was made, also, the cor- 
responding reduction in sugar lost in the molasses was found to 
amount to .285 percent on the weight of the beets for the third period. 


Table 3.—Filter-press washings. 


Test No. 1 


Chlorides 
Table No. 1 on 100 brix Percentage 


Juice to presses 

First wash to juice 
Second wash to lime milk 
Third wash to lime milk 
Fourth wash to lime milk 
Fifth wash to lime milk 
Lime cake (on D 8) 





Chlorides 
on 100 brix 





Juice to presses .2 5400 
First wash to juice ' .6400 
Second wash to lime milk é .7100 
Third wash to lime milk J .7800 
Fourth wash to lime milk 6000 
Fifth wash to lime milk . .58300 (combined) 
Lime cake (on D 8) 0166 
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That definite gains were realized by adding the low raw-remelt 
to the green sirup rather than to the diffusion juice is indicated by 
referring to the factory records for the periods being discussed. These 
show an actual increase of 5.7 pounds of granulated sugar produced 
from each ton of beets. 

The contention of the authors that the presence of large amounts 
of chlorides has a definitely detrimental effect on the operation of 
a beet-sugar factory is borne out by making a few comparisons be- 
tween the conditions in the plant discussed above and those in another 
plant where the battery water is exceptionally pure and where the 
beets being cut are of about the same purity and sugar content but 
practically free from chlorides. Calling the plant where high chlo- 
rides prevail No. 1, and the plant where chlorides are low No. 2, the 
following tabulation will make the differences apparent. 





Plant No. 1 Plant No. 2 
High Cl Low Cl 
Percentage purity of thick Juice ...22......-.........22---ceecsscssceeenseee 89.9 92.2 
Percentage elimination of non-sugars in beets > 37.7 45.3 
Chlorides in thick juice on 100 brix ..... ; siehuinanatelenese 6764 .03A6 
Low raw massecuite percentage on beets —...................... 8.76 5.20 





The quantity of non-sugars in the beets is approximately the 
same in both cases, but they do not respond to the defecation process 
to the same extent and since analyses show that chlorides form a 
large proportion of the non-sugars at plant No. 1 and a relatively 
small proportion at plant No. 2 it would seem safe to assume that 
chloride difference is responsible, to a considerable degree, for the 
variation in the results attained. 

We conclude from this investigation that beet-sugar factories op- 
erating in regions where relatively high chloride concentrations occur, 
whether in the beets or process water, plant operations should be 
regulated so as to avoid as far as possible return of the secondary 
products to juice end of the house. 


Appendix 

The methods used for the determination of chlorides were the 
accepted volumetric methods outlined by Scott in his ‘‘Standard 
Methods of Chemical Analysis,’’ second edition. 

In all eases Mohr’s silver-chromate method was used without 
clarification where the solutions were sufficiently light in color, oth- 
erwise the solutions were clarified by alumina cream and filtered. 
As a check against the above method, Vohlhard’s silver thiocyanate- 
ferric alum method was used occasionally. 

The authors’ thanks are due in particular to Wendell Holmes, 
student chemist, and to the factory-operating superintendents for 
their assistance and cooperation during this study. 





Does Beet Sugar Follow the Trend in the 
Demand for the Higher-Quality Sugars? 


CuHaAs. M. FrRencHu! 


To analyze the demands properly, the general sugar market must 
be treated in two parts: First, direct consumption, as the domestic 
market, and, secondly, food fabrication, as the manufacturing mar- 
ket. Although most properties of quality are common to both groups 
of purchasers, the criterion of quality in the domestic market is con- 
fined entirely to generalities, while the basis of quantity in the manu- 
facturing market has become extremely specific and technical. 

As a primary requisite for both markets, and a very elementary 
one, to be sure, sugar’s resistance to caking or setting up under ordi- 
nary circumstances can hardly be stressed sufficiently. The quality 
of free flowing is necessarily inherent in the sale of a granulated 
product. 


Householder Wants Fine Sugar 


To the household buyer in the direct consumption market, gen- 
eral appearance is the foremost criterion of quality. Although gen- 
‘eral appearance is not visible at point of sale, brand associations of 


good sugar are quite strongly fixed. Crystal size determines whether 
a sugar is coarse, medium or fine, and this property above all fixes 
a sugar’s popularity with a household buyer. As a matter of fact, 
erystal size is the only criterion by which a householder judges sugar, 
good, bad, or indifferent. Therefore, in this respect a standard must 
be followed according to the custom of the buying public, and this 


9? 


varies somewhat geographically. Technically the term ‘‘reflectance 
has been selected as a measure of general appearance ; and the evalua- 
tion of this quality involves many factors, of which crystal size, color, 
and genuine crystal brilliancy are the most significant. 

From an analysis of 45 random-picked samples over a territory 
from Chicago west to the Pacific Coast it was apparent that of all 
granulated sugars, regardless of source, the beet processors were 
eatering somewhat to the household buyer who believes a fine-grain 
sugar is better than a coarser one. 


Food Manufacturing Needs Vary 
For the manufacturing market, as in food fabrication, each field 
must be considered separately. In the order of magnitude of con- 
sumption, the bakers come first. 
Fortunately, they have accepted sugar as sugar and are the most 
liberal of any trade on specifications. Occasionally, granulation 


*Chemical Engineer, Manufacturer's Sales Service, Utah-Idaho Sugar Company. 
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standards are specified and rightly are so justified. Standard grain 
size is necessary for satisfactory keeping quality under unfavorable 
conditions, and also for routine processes, uniform granulation must 
be insured to conform with allotted mixing and dissolving times. On 
the other hand, icing work requires a sugar of good color, rather lack 
in color—if whiteness is called a color—to insure absolute white work. 
A powdered sugar must also be of sufficient fineness to eliminate 
any gritty quality in the finished plastic mass as an icing, or irregu- 
larities in behavior due to irregular absorption in the liquid phase. 
The baking trade is justified in demanding 6X for that reason, which 
is between 92 and 95 percent through a 100-mesh sereen. Could cases 
of bakers’ resistance to beet sugar be attributed to an oversight of 
this kind? 


In the confectionary trade, they again accept sugar as sugar and 
pay little attention to specific qualities. Nevertheless, they do require 
an especially high-quality sugar for certain purposes and then again 
‘‘anything sweet will do!’’ In confectionery, one of the foremost 
factors in performance is a sugar’s behavior when the solution reaches 
the boiling point. Considerable foaming has been encountered at this 
point with poor sugars due to traces of non-sugars present. 


According to Browne and Zerban in their newest edition of 
‘*Sugar Analysis,’’ (page 1,106), foaming is caused by the absorption 
of surface-active substances, especially emulsoid colloids, on the air 
or gas bubbles in the form of a film. The most stable foams are ob- 
tained from such colloids as soaps, saponins, or proteins, which are 
able to form tough, semi-solid films. The quantity of foam and its 
stability afford a simple, approximate measure of the emulsoid col- 
loids present. However, the results do not necessarily parallel those 
of surface-tension measurements, because foaming is effected by addi- 
tional factors. The foaming character of our sugars at this point has 
been largely improved in recent years since we have been alert to 
this shortcoming. Aside from behavior on boiling, sugar must be of 
such quality to make white goods both at low and high temperatures. 
The quality of low-temperature white goods depends on the inherent 
color within the sugar, while the color at high temperatures depends 
on the sugar’s resistance to decomposition and formation of accom- 
panying colored substances. 


On barley-candy tests, measuring resistance to break down at 
high temperatures and form colored substances there is some little 
difference but not enough to differentiate between sugars for high- 
temperature work. Particularly since today’s new processes of vac- 
uum cookers, the tendency to carmelize is minimized if not entirely 
eliminated. On the other hand, sugars which color more readily at 
high temperatures resist inversion to some degree. The following 
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correlation between color and inversion is given by Browne and Zer- 
ban (page 1,110): 

As the ash content increases it exerts a buffering effect; there 
is less inversion, but the alkalinity of the ash causes greater color- 
ation. Neutral or acid salts generally increase the amount of invert 
sugar formed but give light-colored candies. Alkaline salts or saits 
of volatile acids produce less inversion but greater destruction of 
invert sugar with consequent high-color formation. Ammonium salts 
and amino acids cause strong inversion and also the formation of 
dark-colored, nitrogenous substances. Iron salts are in a class by 
themselves, producing strong inversion owing to hydrolysis, and also 
very dark-colored poly-hydroxy compounds of iron. 


A confectioner makes the most critical demands for a sanding 
sugar, one of exact grain size and crystalline brilliancy. Uniformity 
is paramount with a minimum of fines. 


The refiners set a high standard here with their premium sugars 
of Confectioner’s Crystal A, AA, and Sanding; however, in order to 
meet the specifications of the latter, many of the processors are pro- 
dueing and marketing a ‘‘Manufacturer’s Coarse Granulated.”’ 


In supplying the canning trade, we enter the most highly special- 
ized market of all. The canners have been working for considerable 
time to perfect the quality of their pack through the guidance of 
their national association. Since keeping quality with them is the 
paramount issue, all factors bearing on this issue were closely secrutin- 
ized. Investigations finally showed that failures known as puffers, 
swells, and flat sours, were due to micro-organisms from not only 
the raw material but also the sugar used in the pack. Often lack of 
sufficient heat treatment for sterilization could be the cause, but 
where organisms were found to be heat resistant up to the cooking 
temperature, the solution of their problem lay in eliminating that 
sort of contamination at the outset. Therefore, when sugar used in 
process was found to carry heat-resistant organisms producing gas in 
certain packs causing ‘‘swells’’ and other organisms generating acid 
causing a ‘‘flat-sour’’ spoilage, the canners united through their na- 
tional association and demanded sugar specified free of these organ- 
isms—generally classified as thermophiles. The standards of ther- 
mophillie tolerance on hard swells and flat-sour organisms are easily 
met today by the majority of granulated sugar-suppliers but a few 
years were required in the process of elimination and control. 


The ecanners found an excessive sulfite content objectionable for 
use in acid packs, and in order to meet their specifications, certain 
changes in plant operations were made with the result that sugars 
are generally now held below the tolerant limit for sulfites, as desig- 
nated by the canners. 
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With the carbonated-beverage industry coming to the front in 
order of a sugar consumer, scientific men in their organization point- 
ed out the desirability of using only biologically pure materials; 
hence, the demand for sugars to meet their requirements; freedom 
from yeast and molds especially is necessary for a product com- 
pounded without pasteurization or heat treatment of any kind. Of 
course, the sterility of a bottling environment is primarily essential, 
but if the sugar measures up to tentative bacterial standards, our 
contracts have been fulfilled. 


The biological qualities of sugars are continually improving which 
tend to raise standards. Even so, a small percentage of granulated 
sugars would rate commercially sterile. Isn’t there more work to 
be done here? 


Some sugars exhibit a peculiar action attributed to the emulsoid 
colloids present. In candy making it shows in foaming, and in bot- 
tling it appears as air retention when the sugar is made up to 32° 
Be sirups. Minute bubbles of entrained air seem to rise very slowly 
and when they do, they accumulate on the surface as a foam. Speed 
is usually the order of the day in bottling plants so that no additional 
time can be taken for clarification, and the sirup is termed milky by 
the bottler and then shot to the siruper. The siruper measures a 
quantity of sirup into the bottle, and the carbonated water begins to 
dribble in. Now the effervescing effect of the carbonated water, to- 
gether with foamy characteristics of flavor compounds causes enough 
foam, but when the air-bubbles from the sirup let go with dilution, 
the situation is further aggravated. 


Summary 


From my brief experiences in trade contacts during the past 3 
years, the recognition of beet sugars as interchangeable with cane 
sugars has been noticeably more widespread as we have advanced in 
our alertness to the trades’ demands. 


Former shortcomings have been largely eliminated through im- 
proved processing methods and newer machinery, such as faster cen- 
trifugals. However, generally an untiring effort on the part of the 
operators has made it possible to meet high standards of bacterial 
purity. 


The old capacity-rating figure: ‘‘How many tons of beets did 
we cut?’’ has given way to a consciousness of: ‘‘How many bags of 
sugar did we make?’’ And finally, developing with it, a pride in 
producing it, not just because its white, but because specific gains 
were made toward the ever higher standards. 








New Possibilities for Economy in First- 
Carbonation Filtration 


R. D. Kent! 


We all recognize the fact that during the past several years, 
the sugar industry has made some very rapid and very commendable 
progress in its manufacturing methods, which has resulted in a higher 
quality of refined sugar being placed on the market. This progress 
has to a small degree been connected with improvements in filtra- 
tion, which in turn have been partly due to improvements in fil- 
tration equipment and also to improvements in filteraids. The im- 
provement in filteraids, has involved changes of a rather surprising 
order. A few years ago, the only filteraid, or so-called filteraid, 
available to the sugar industry was the old kieselguhr, a natural 
and rather impure product with a very low flowrate. This 
crude material has since been supplanted by one improved material 
after another until at the present time, filteraids are available having 
flowrates 40 and 50 times that of the old material. Consequently, 
there are today many applications for filteraids that have been, and 
are now being brought into commercial use that would have been im- 
possible a few years ago. 


One such application that has become at least an economic possi- 
bility, is in the use of present-day high-efficiency filteraids to aid in 
the filtration of the first-carbonation juices. The word possibility 
is used here advisedly, for it is to be admitted at the outset that this 
application has only been investigated from the laboratory stand- 
point, using a laboratory type of filter. Even from the laboratory 
standpoint, thorough studies have not yet been made on juice char- 
acteristics, so that it is to be emphasized that no proved development 
is being discussed. All that can be said for the work to be discussed 
briefly here, is that it indicates, from the laboratory standpoint, that 
modern, high-efficiency filteraids have possibilities for economical 
application in first-carbonation filtration. 


The proposition on which this work is based is dependent upon 
the idea that a large proportion of the lime used in first carbonation 
is there solely to make possible the filtration of the juice, and, that 
were it not for the necessity of filtering this juice, a decidedly lower 
percentage of lime could be used. In conventional practice in a non- 
Steffen house, of course, a relatively large percentage of lime, in the 
form of milk of lime, is added to the juice in the first-earbonation 


1Chemical Engineer, the Dicalite Company. 

“In carrying out this preliminary work we are indebted to the Holly Sugar Com- 
pany, Amalgamated Sugar Company, and the Utah-Idaho Sugar Company for their 
valuable collaboration. 
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tanks, either raw juice or predefecated juice as the case may be. 
This lime is then carbonated out to produce insoluble and inert par- 
ticles of calcium carbonate. When this mixture is passed through a 
filter, the caleium-carbonate particles form the rigid framework of 
the filter cake in which the insoluble impurities that are being filtered 
out are caught and retained. This calcium carbonate then acts as a 
filteraid, making the cake sufficiently porous that juice will pass 
through it at a satisfactory rate. Later on it may be sweetened off 
and washed free from sugar. It is the purpose of this paper to show 
that the calcium carbonate that functions in this way, namely, in 
aiding the filtration of the juice, may be replaced with a small per- . 
centage of high-efficiency filteraid with resultant increased economy 
and simplicity of operation. 


A certain percentage of lime, of course, is needed for purifica- 
tion, and effective flocculation of the impurities contained in the raw 
juice. This percentage ordinarily appears to be around 0.2 percent 
to 0.4 percent of lime on beets, and corresponds to the amount ordi- 
narily used in predefecation. In all the experiments on which this 
work is based, the problem was to filter this predefecated juice, with- 
out the addition of any more lime than was necessary to reach the 
point of optimum flocculation, but with a small amount of filteraid. 
This filtered, predefecated juice represents what would ordinarily 
be first-carbonation juice, but of course, no carbonation is used. This 
naturally raises the question whether or not an excess of lime is 
needed from the standpoint of juice characteristics. At least from a 
preliminary standpoint, and from these laboratory experiments, it 
appears that the purity of this defecated juice is just as high, and 
certainly its color is lighter, than the conventional first-carbonation 
juice. 


This work was started in our laboratory in California with sugar 
liquors supplied through the courtesy of the Holly Sugar Company 
factory at Santa Ana. Later on more extensive tests were continued 
through the courtesy of the Amalgamated Sugar Company at the 
laboratory of their Rupert, Idaho, factory, and of the Utah-Idaho 
Sugar Company at the laboratory of their West Jordan factory. 


The procedure in making these tests was first to determine the 
amount of lime necessary to reach the point of optimum flocculation, 
where the color of the juice was the lightest, its settling rate the 
fastest, and the clarity of the effluent the best. This point, expressed 
in terms of the pH of the juice, represents the iso-electric point of the 
colloids that are being floceulated, and is the point at which the 
electrical charge on the colloids reaches zero and allows these particles 
to coalesce and settle out. 
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This defecating procedure was carried out in two different ways, 
with surprisingly different results as far as the filtration was con- 
cerned. The first method tried was that of heating the raw juice 
to around 80° C., adding the proper amount of lime, allowing a few 
minutes for complete flocculation, and then filtering. The second 
method was to lime the raw juice in a relatively cold state, around 
40° C. and heat it, with lime present, up to about 80° C., and filter. 
It was found that more lime was needed to produce good defecation 
in the hot method than in the cold, and in addition, the rate of filtra- 
tion was tremendously greater with the cold method. 


In one series of experiments in which hot defecation was used, 
satisfactory filtration of the defecated juice was not obtained, except 
by using amounts of filteraid in the region of 1.0 percent to 1.2 per- 
cent on beets. This would have been far beyond the bounds of eco- 
nomical operation. However, in another series of tests, more exten- 
sively conducted, in which cold defecation was used, satisfactory flow- 
rates were obtained with 0.2 percent to 0.3 percent of filteraid on 
beets, which is quite within the economical limit. In this latter series, 
hot defecation was also used, and it was found that the flowrates were 
only 14 to % of those when the cold method was used. Consequently, 
it does appear desirable to carry out the defecation in the cold state, 
at least as far as filtration is concerned. These tests are based on 
such a procedure. 


Figure 1 shows the results of a series of tests in which diffusion 
juice was limed at about 40° C. with 0.3 percent CaO on beets, heated 
to 75° C. and filtered at this temperature with various amounts of 
filteraid. The flowrates, which represent the ordinates on the graph, 
are based on the flowrate of the average of a number of samples of 
regular carbonated juice taken from the carbonators, in which 100 
percent represents this average. The percentage of CaO and per- 
centage of filteraid are both plotted as abscissa. The heavy black 
line represents the increase in flowrate of the defecated juice with 
various percentages of filteraid. 


Thus, with no filteraid the flowrate is 68 percent; with 0.25 
percent filteraid, it is 104 percent ; with 0.5 percent, it is 128 percent, 
and with 1 percent, it is 400 percent. 


At the same time the dotted black line (x to x) represents the 
flowrate of the juice containing various amounts of lime. The point 
on the left is the flowrate of the juice containing 0.3 percent CaO 
but no filteraid, and is, of course, the same as the bottom point on 
* the heavy black line curve, that is, 68 percent. 
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The point on the right has a flowrate of 100 percent, by defini- 
tion, and corresponds to about 2.0 percent CaO, which is approxi- 
mately the amount used in first carbonation. 


Actually we do not know if the curve (x to x) is a straight line 
or not, because only the end points have been determined, but for 
purposes of simplicity it has been assumed to be so, and because of 
this assumption, has been indicated as a dotted line. At any rate, the 
point in which we are interested is the amount of filteraid necessary 
to reach a flowrate of 100 percent, the same flowrate as is obtained 
with about 2.0 percent lime under present carbonation procedure. 
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This flowrate of 100 percent is indicated by a horizontal black 
dotted line, and the point of intersection between this line and the 
solid black line indicates how much filteraid must be added to ob- 
tain a flowrate of 100 percent. 


In the series of tests indicated in figure 1, the amount of filter- 
aid required amounts to about 0.25 percent. In figure 2 another 
series of tests, made on a different batch of diffusion juice, is plotted 
in the same way, and in this series the amount of filteraid necessary 
to give a flowrate of 100 was about 0.37 percent on weight of beets. 
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In figure 3, another series of tests made on a third batch of dif- 
fusion juice was conducted and here the amount of filteraid required 
amounted to 0.15 percent on weight of beets. 


The average of these 3 sets of tests, 0.25 percent, 0.37 percent, and 
0.15 percent gives an amount of filteraid of 0.29 percent on beets. 
In other words, in order to match the flowrate of the carbonated 
juice containing 2 percent of CaO (in the form of carbonate) it is 
only necessary to add 0.29 percent of filteraid to juice which has 
been defecated with 0.3 percent CaO. In this way, 1.5 percent to 
2.0 percent of lime would be saved, and in its place about 0.3 per- 
cent filteraid would be used This, in itself, would represent a very 
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considerable saving in cost, but in addition, the necessity of carbon- 
ating may be eliminated, with resultant simplification of equipment 
and inereased speed of operation. Furthermore, the amount of first- 
carbonation cake would be cut down to 4 or 14 of the present amount, 
the washing would be simplified, and the sugar loss in the cake ap- 
preciably reduced. 


This study neglects the important question of juice characteris- 
ties throughout the house, under the system described, but from a 
preliminary standpoint, it appears that the juice does not suffer and 
may indeed be considerably better, because by avoiding an excess of 
lime, we avoid exposing the juice to an undesirably high pH, which 
it ordinarily has during the period of carbonation. 


It is definitely known that this high pH and high temperature 
has a harmful effect on the juice and causes it to darken. It is 
known that there is an optimum pH for any given raw juice at 
which the colloids floceulate and precipitate to the maximum degree. 
If this point is passed, a certain amount of these colloids return to 
their former state. 


In other words, they re-disperse-and are no longer filterable, 
which undoubtedly occurs when a very large excess of lime is used 
and the pH is raised to a high value. Of course, some of these re- 
dispersed colloids are re-coagulated when the pH. is lowered again 
with CO,, but only those colloids of the so-called reversible type will 
behave in this manner. Many will remain in their dispersed state, 
even though the pH is lowered again. Therefore, it would seem sim- 
ply from general considerations that actually a better juice could be 
made with only a small amount of lime than could be made with an 
excess. Not only would a reduction in cost be effected, but an im- 
provement in the juice may be expected. However, this point is un- 
doubtedly open to some dispute, and whether the juice throughout 
the house, all the way from first carbonation to final molasses, would 
be better or not is a question that must wait for more extensive in- 
vestigation. 


But even if it develops that a juice treated with only a small 
amount of lime in first carbonation is unsatisfactory for any reason, 
there is still the possibility that use could be made of this filtration 
scheme purely as a means of filtering predefecated juice and remov- 
ing the coagulated solids from solution. 


In other words, this would be an operation carried out in addi- 
tion to existing operations, rather than taking the place of any one. 
In such a procedure, raw diffusion juice would be treated with a 
small amount of lime, in accordance with accepted predefecation prac- 
tice, and to this predefecated juice would be added a small amount 
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of filteraid and the juice filtered, either with or without a settling 
step preceding the filtration, to be followed with a first and second 
carbonation in the usual manner. 


The amount of lime used in a first carbonation could be con- 
siderably reduced, but the reduction in lime consumption in this case 
could not offset the cost of the filteraid. The increased cost of the 
over-all operation would have to be justified by an improvement in 
the juice, and by a higher extraction. 


It would be logical to presume that removing the coagulated 
colloids at their iso-eleetrie point, with the least possible amount of 
action tending to disturb and break up the floc, would result in a 
greatly improved juice whether filtration of the predefecated juice 
was carried out as a preliminary step to first carbonation, or wheth- 
er carried out as a step to replace first carbonation. Both of these 
possible applications are being mentioned because neither one of 
them has been tested, during the study, from a factory standpoint, 
and all that can be claimed for the present work is that it repre- 
sents laboratory filtration tests indicating that such applications as 
we are discussing are possible. 


One important consideration in connection with the filtration of 
defecated juice is the matter of the relative ease of sweetening off the 
cake, as compared to a regular carbonation cake. A group of tests 
indicative of what may be expected is indicated in figure 4. 


Two cakes were washed with ordinary tap water, one a regular 
carbonation cake made by filtering regular first-carbonation juice, 
and the other a defecation cake made by filtering diffusion juice 
defeecated with 0.30 percent CaO on beets and 0.3 percent filteraid. 
The brix of the wash water is plotted against the number of centi- 
meters of wash water. It is readily seen, from the 2 curves, that the 
defecation cake, containing filteraid, washes considerably more rap- 
idly than the carbonation cake containing calcium carbonate. This 
would indicate that less wash water would be required, and that 
sugar losses in the cake would be lower. 


Actually, in these tests, it would have been desirable to have 
determined the sugar left in the cake, as well as to determine the 
sugar in the wash water passing through the cake, but the laboratory 
procedure used in making these tests did not give enough cake to per- 
mit such tests to be satisfactorily conducted—consequently this was 
not attempted. But it is logical to suppose that the sugar in the wash 
water would be proportioned to the sugar in the cake, and if the 
brix of the wash water reduces to a minimum and shows no further 
decrease, then the cake has been washed practically free of sugar. 
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D-Sweetening-Off Tests 
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Consequently, although we have not actually determined the 
sugar left in the cake itself, we may conclude that the defecation cake 
containing filteraid is much more easily washed and the sugar loss 
considerably less than in the regular carbonation cake. 

Taking these tests as a whole, the filtration tests indicated in 
figures 1, 2, and 3, and the sweetening-off tests indicated in figure 
4, it must be realized that these are only laboratory tests and do not 
in any sense conclusively prove the practicability or impracticability 
of this operation, but from the results that have been obtained, it ap- 
pears that new possibilities for economy in first-carbonation filtra- 
tion do exist through the use of modern high-efficiency filteraids. 
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Standardization of Experimental Methods 


The Standardization Committee presents the following recommen- 
dations as an acceptable basis for field plot tests, including experi- 
ments with varieties, fertilizers, and cultural practices. These recom- 
mendations are to be construed as general and not mandatory for all 
conditions, it being fully recognized that sufficient control for one 
field might be quite insufficient for another. 

For the information of all investigators, a list of ‘‘Newer Ex- 
perimental Designs Aveilable to Investigators’’ compiled by Miss 
Gertrude M. Cox, Head of the Department of Experimental Statis- 
ties at North Carolina State College, is herewith presented. 

I. Randomized complete blocks (Always use where possible) 
II. Latin squares 
III. Factorial designs 
IV. Factorial designs confounded in randomized incomplete 
blocks 
A. Confounded on interactions 
1. 2" series; 2. 3" series; 3. 3x 3x 2. 
B. Confounded on main effects 
1. Split-plot designs with some variations: 
randomized 
systematic split-plots 
2-way whole plots 
2. Varieties in groups 
3. Latin square with split-plots 
V. Factorial designs confounded in Latin and quasi-Latin 
squares 
A. 2" series of designs confounded in Latin and quasi- 
Latin squares 
B. 3" series of designs confounded in quasi-Latin squares 
C. 3x3x 2 design in 6 x 6 quasi-Latin square 
D. Half-plaid squares 
E. Plaid squares 
VI. Quasi-factorial and quasi-Latin designs 
A. Incomplete block designs 
1. Lattice 
2. Triple lattice 
3. Cubic lattice 
B. Balanced incomplete block designs 
1. Balanced lattice 
2. Lattice squares (quasi-Latin squares) 
3. Balanced incomplete block designs 
(a) arranged in Youden squares 
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In sugar-beet experiments, certain of these designs appear more 
applicable than others and it is the purpose of this report to make 
these specific recommendations. 

Field experiments have been classified for this purpose into 4 
groups: 

1. Demonstrational—investigational tests. 

2. Experimental tests with 8 or less varieties or treatments. 

3. Experimental tests with 9 to 16 varieties or treatments. 

4. Experimental tests with more than 16 varieties or treatments. 

In making up tests under groups 2, 3, and 4, it is not desirable 
to combine varieties or treatments which are known from previous 
tests to differ widely in yield and other important characters. 

Group 1—Demonstrational—investigational tests. — With strip 
tests comparing two or more varieties or treatments, strips should be 
distributed randomly with respect to each other, and each series lo- 
eated at random in the field. At least 6 series of strips should be 
used for best results. These strips may be harvested in entirety, or 
sampled at random within each strip. Each sample should be taken 
from not less than 2 rows x 30 feet in length. Several samples may 
be taken from each strip and averaged together as an estimate of the 
strip yield in which case it is better to stratify the field, that is, to 
divide the field in equal portions crosswise to the strips, and select 
the samples at random from each stratification. In analyzing the 
data each strip is to be considered as one plot and anaiysis made by 
‘*Analysis of Variance’’ considering it as a randomized complete 
block set up. 

If, however, the primary desire of the experimentalist is to dem- 
onstrate previously known differences in yield, disease resistance, or 
other characteristics, it may be desirable to reduce replication to as 
low as duplicate strips of varieties or treatments. 

Group 2—Experimental tests with 8 or less varieties or treat- 
ments.—The Latin-square design is recommended for this group. The 
randomized complete block method, with a minimum of 6 replications 
may also be used. 

Group 3—Experimental tests with 9 to 16 varieties or treatments. 
—For all tests in which the total number of varieties or treatments 
does not exceed 16, the randomized complete block method is reeom- 
mended with a minimum of 6 (approximately square) blocks. How- 
ever, in the case of fertilizer tests, it may be desirable to use a fac- 
torial design, in order to form a basis for a broader recommendation 
with a small number of replicates. 

Group 4—Experimental tests with more than 16 varieties or 
treatments.—As in the previous group, the factorial design may be 
desirable for fertilizer tests, but in general for tests where the total 
number of varieties or treatments exceeds 16, some form of quasi- 
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factorial design is recommended. The particular design to be used 
should be determined by the investigator since all such designs are 
reliable. The choice of a specific design should not be made until a 
careful study of the designs has been made. 

Plots should be 2 to 8 rows wide and from 30 to 75 feet in length, 
for groups 2, 3, and 4, depending upon various factors such as: (1) 
Degree of accuracy desired, (2) seed supplies available for test, (3) 
number of replications to be used, (4) degree of soil variability ob- 
tained in the test fields; as well as other factors. 

Sampling for Sucrose and Purity.—Two samples of not less than 
10 beets per sample or a minimum of 20 beets per plot, are recom- 
mended for sucrose and purity determinations, each sample to be 
taken at random from the entire plot. It is preferable that the sam- 
ples be selected before all beets used for harvest are piled. 

Methods of Harvesting. — In demonstrational—investigational 
tests (1) harvest of all beets in the plot disregarding the competition 
factor, is recommended. In experimental! tests (groups 2, 3, and 4), it 
is recommended that stand counts and vield of the entire plot or sam- 
pled area be taken. However, it may be necessary in certain cases to 
use the competitive beet method of harvest. 

References.—The following literature references are recommend- 
ed for experimentai workers. References 1, 3, 6, 7, and 8 are partic- 
ularly recommended where quasi-factorial designs are employed, since 
they present the newer method of calculation whereby inter-block in- 
formation is recovered. 


1. Cox, Gertrude M.; Eckhardt, Robert C.; and Cochran, W. G. 
The Analysis of Lattice and Triple Lattice Experiments in 
Corn Varietal Tests. Iowa Agric. Exp. Sta. Res. Bul. 281, 
1940. 

2. Goulden, C. H. Methods of Statistical Analysis. John Wiley & 
Sons. New York, 1939; 277 pages. 

3. Pope, O. A. The Use of a Cubie Lattice Design in Cotton Strain 
Studies. Mimeograph of U. 8S. Graduate School. 

4. Snedecor, George W. Statistical Methods. Collegiate Press, Ames, 
Iowa, 1938 ; 388 pages. 

5. Wishart, J. Principles and Practice of Field Experiments. Em- 

pire Cotton Growing Association. London, 1936. 100 pages. 

6. Yates, F. The Recovery of Information in Variety Trials Ar- 
ranged in Three-dimensional Lattices. Annals of Eugenies. 
9 :136-156, 1939. 

Yates, F. The Recovery of Inter-block Information in Balanced 
Incomplete Block Designs. Annals of Eugenics. December, 
1940. 

8. Yates, F. Lattice Squares. Jour. Agr. Sci. 30 :672-687, 1940. 


~ 
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Methods of Recording Data 
Type Example: 


Variety Test 


Tons per Acre 
Beets per 








Indicated Percent- Coefficient 100-foot 
available age of apparent row at 
sugar Beets sucrose purity harvest 
1 3.316 15.97 86.40 132 
2 3.175 16.55 87.05 134 
3 3.151 15.69 86.89 133 
t 3.121 16.12 86.48 132 
5 3.119 15.97 87.48 130 
6 3.041 20.66 16.85 88.45 133 
7 2.989 21.92 16.16 86.01 131 
8 2.822 21.16 15.64 85.57 134 
Mean (X) 3.092 22.28 16.12 86.79 . 
Coef. of 
Vari. (S/X) 2.52 2.51 1.17 — #3 3} #3#24}3 ei 
S.E. of mean 0.078 0.56 0.18 0.49 
L.S.D. (19:1) .222 1.58 0.50 1.39 
(Odds 19:1 2x V 2x S.E. or Mean) (Leave space blank if F. value 
not significant) 
Variance Table 
Mean Squares 
Indicated Percent- Coefficient 
Variation Degrees of available Tons age of apparent 
due to freedom sugar beets sucrose purity 
Between blocks 7 1.655 9.727 1.855 7.866 
Between varieties 7 0.119 8.583 1.638 6.444 
Remainder (error) 49 0.049 2.490 0.249 1.945 
Total 63 
Calculated F value ——— 2.43* 3.45** 6.58** 3.31** 
*Exceeds the 5-percent point of significance (F = 2.21) 
**Exceeds the 1-percent point of significance (F = 3.03) 


Plots: 4 rows 125 feet in length 

Arrangement: Randomized blocks with 8 replicated plots of each variety 
Planted: April 20 

Harvested: October 24. 


Additional remarks: 


The Standardization Committee has also considered the question 
of the methods for use in the germination of sugar-beet seed. After 
eareful study of recently published data dealing with problems 
peculiar to sugar-beet seed, this Committee believes that certain meth- 
ods recommended by the Association of Official Seed Analysists, and 
at present being used to a great extent by seed-testing laboratories, 
should be modified. 
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The recommendations of this Committee are as follows: 


1. The seedlot submitted for germination should be reduced to 
a size approximating the size of germination sample by the use of the 
Boerner, or other mechanical grain sampler. 


2. The size of the germination sample should be not less than 
100 seedballs, and duplicate samples of each seedlot submitted should 
be tested for germination. Where there is a sizeable discrepancy be- 
tween duplicate samples, the test should be rerun. Furthermore, it 
is suggested that on samples germinating lower than 70 percent a 
erack test be run on the germination sample to determine the per- 
centage of seedballs containing germs. 


3. All samples should be presoaked in running water for a per- 
iod of 6 hours. 


4. The substratum or germination bed can be (a) standard 
germination blotters, (b) standard paper toweling folded over the 
seed. 


5. The temperature in the germination chamber should be main- 
tained at a constant level and at a temperature of 20° C. 


6. Germination and sprout counts should be made at the end of 
4, 7, and 10 days, the latter date to be the final count. 


The Committee is fully aware of the fact that each seed-testing 
laboratory is confronted with varying external factors, such as type 
of germination chamber, atmosphere pressure and humidity, possi- 
bility of growth of various fungi in germination chambers, and other 
factors. It must remain the problem of each seed-testing laboratory, 
therefore, to appreciate and solve its own special problems aiming 
toward the highest precision obtainable. 
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Report of Research Coordinating Committee 
to the Meeting of the Society of Sugar 
Beet Technologists, Salt Lake City, 
January 6, 1942 


When this committee was authorized by the Society in January 
1940, its purpose was suggested to be: 

1. Study and analyze the sugar-beet experimental projects of 
sugar companies, experiment stations, United States Department of 
Agriculture, and Dominion of Canada; 

2. Study the major production problems of the sugar-beet in- 


dustry, and 
3. From time to time make progress reports. 


Following this outline, the committee, with the help of Dr. H. E. 
Brewbaker, gathered a complete report of the sugar-beet investiga- 
tional work in the United States and Canada as a foundation for fur- 
ther studies. This list proved very conclusively that the people en- 
gaged in the beet-sugar industry of the United States and Canada 
were research-minded as it took 20 typewritten pages to list the sub- 
jects being studied in one form or another in all areas, with 170 pro- 
ject leaders giving the whole or a part of their time to these studies. 
A copy of this list was furnished to each of the contributing organi- 
zations. 

Of this report, Dr. G. H. Coons made the following comment: 


“To my way of thinking, your Committee had done a big 
job by assembling the list of research projects, an undertaking 
which did two things: made various agencies definitely formu- 
late a statement of their research program (thereby commit- 
ting themselves); and second, giving these currency.”’ 


Following this report and, after discussion by some members of 
the committee with a number of the members of the advisory council 
at a meeting in Portland in February, the committee then prepared 
a tentative outline of desirable sugar-beet projects and attempted in 
that outline to place some responsibility for the projects with certain 
agencies. This tentative outline was given only a limited circulation 
but served a definite purpose of learning the attitude of the different 
agencies toward such a program. This method of approach to our 
research problem did not meet with favor and the committee then 
made a new approach. An inquiry was sent to a large number of peo- 
ple interested in the problems of the industry in the various regions, 
with the request that they give to the committee their ideas of the 
major problems confronting the industry from a research viewpoint 
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in their respective areas. Following receipt of these replies and us- 
ing with it the list of unfinished projects already in process of study, 
the committee has tried to make up a comprehensive outline of the 
problems confronting the industry divided into the groups or head- 
ings under which the sections of the Society carry on their programs. 
A eopy of this outline is attached to the report and additional copies 
are available for the members of the Society in attendance at this 
meeting. 


Such an outline must, of necessity, list the subjects briefly. But 
we hope it will serve a useful purpose in presenting to the Society 
a broad view of some of the more important problems involved and 
on which eareful work should be done by competent personnel. The 
committee could have gone into endless expansion of certain details 
but which for this presentation would serve no useful purpose. We 
could have explored at great length each one of the subjects listed. 
For example, the subject of fertilizers. Certainly, fertilizer response 
is quite different on different soil types and under varying conditions 
of moisture and varying degrees of soil fertility. We would, there- 
fore, like to have each one of the subdivisions in the outline consid- 
ered as being inclusive of all the features of that particular subject 
rather than exclusive. By this is meant that when certain studies 
are undertaken they should be carried on in a comprehensive enough 
manner as to render several answers. The following comments from 
President Coke in connection with research work are so well said 
and so constructive that we have included his statement here: 


“It is my opinion that too much of our research activity 
has been devoted to determining single factors affecting sugar- 
beet yields, with little or no attention paid to the inter-relation- 
ship of that factor with others. For instance, innumerable fer- 
tilizer tests have been conducted in the past and in practically 
none of them has there been any attempt to determine whether 
there were other factors, such as soil moisture in the particular 
test than the fertilizer used. 

“Because of this trend in our research activity, I am fully 
convinced that any sizeable improvement in production of sugar 
per acre will be achieved only if our research is designed to test 
the inter-relationship of the various factors affecting production. 
I appreciate that this type of an experiment is exceedingly com- 
plicated and would be expensive to conduct. I also realize that 
it is the type of fundamental research that no company would be 
in a position to finance and that if work is to be done along 
these lines, it would be necessary to have it undertaken by 
some governmental agency or through the combined efforts of 
the beet-sugar industry.” 


As we study the outline of the problems confronting the indus- 
try, the research work involved is almost staggering and the amount 
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of money involved is large. It would appear that the greatest prog- 
ress can only be made if a completely correlated and coordinated 
effort of the various agencies can be developed. The industry has 
not in the past been unwilling to spend money for research and it is 
our belief when the problems are presented to the industry in some 
conerete form and the opportunity to find their solution is shown to 
lie in the line of continued and enlarged research that their support 
will not be less in the future than it has been in the past. 

It is the estimate of the committee that not less than a half mil- 
lion dollars is expended by the various agencies in the United States 
and Canada in sugar-beet research each year. Included in this work 
is the work of the United States Department of Agriculture which 
has shown its interest in the beet-sugar industry by the fact that it 
has expended in sugar-beet research alone a little more than $200,000 
on an average each year for the last 5 years and a considerable amount 
prior to that time. A tabulation of these expenditures for the past 
5 years in the respective areas is given herewith for your information : 


Estimated obligations 


























Item 1937 1938 1939 1940 1941 
Sugar Beet Investigations: 

*California, Riverside $ 37,874 $ 49,409 $ 45,985 $ 45,985 $ 45,985 
Davis 3,900 3,950 3,950 3,950 3,950 

Bakersfield _ 100 100 100 100 

Total, California = 41,774 53,459 0,085 50,035 50,085 
Colorado, Fort Collins ..... 14,153 12,790 12,790 12,790 12,790 
Rocky Ford 7,421 5,850 5,850 5,018 1,018 

Total, Colorado ...... 21,574 18,640 18,640 17,308 13,808 
Idaho, Twin Falls _ 10,982 11,545 11,545 11,545 11,545 
Michigan, East Lansing .... 5,110 5,130 5,130 5,130 5,130 
Minnesota, St. Paul 8,095 8,150 8,150 8,150 8,150 
Nebraska, Scottsbluff 5,376 5,990 5,990 5,990 5,990 
New Mexico, Las Cruces 1,956 2,265 2,265 2,265 2,265 
Ohio, Holgate 360 360 1,000 — —_ 
Wooster _ _ — 2,960 2,960 
Total, Ohio 3000=0=~té“‘x COC) CUOS~*~*C«SC 
Utah, Salt Lake City _ 28,279 26,714 23,214 23,250 «2,189 
Virginia, Arlington Farm.. 7,200 9,419 12,919 9,447 9,447 


D. C., Washington 75,600 66,060 64,451 67,530 61,334 





Total Sugar-Beet 
Investigations . 206,306 207,732 203,339 204,119 191,853 





An aggregation of this means that this department has expended 
more than a million dollars in sugar-beet research in the 5-year period. 
We are sure the members of the Society would be interested and the 
committee would recommend that for the next meeting of the Society 
the leaders of this work be asked to outline for us the major acecomp- 
lishments from their work and their visions of future possibilities. 
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In making this recommendation it is with the thought that new lines 
of thinking and inspiration would undoubtedly be opened to the mem- 
bers of the Society in general, from these explorations in research, 
by the Department of Agriculture. Nor does the committee in giving 
you this tabulation of figures offer criticism of the distribution of 
these expenditures in the various regions and areas, as we realize that 
many of their studies are overlapping and benefit more than one sec- 
tion of the country. We are sure it is understood that different 
regions have different problems but if a given point is better adapted 
for research than some other, there is no reason why that research 
should not be somewhat centralized so long as the problems of the 
different regions are given equal consideration. 

The list of projects now underway is such a formidable one it 
would appear there can be few new problems which are not already 
being studied, but we are sure a eareful reading of the outline will 
show that there is still a lot to be done. It is clearly understood by 
the committee that research cannot be outlined in severe detail be- 
cause the researcher must have freedom to probe into unknown direc- 
tions as new leads are developed by his line of study. Nevertheless, 
none of the institutions engaged in the processing of sugar beets 
would feel satisfied to make the expenditure in other lines which are 
now being made in research, largely without a definite program, 
without first laying out a plan which points in a somewhat definite 
direction. With the thought in mind of continuing these studies on 
a little more comprehensive basis the committee recommends for your 
consideration the appointment of a research committee in each region 
to study the problems in that jurisdiction. The present research 
committee of the American Society of Sugar Beet Technologists to be 
discharged and a new committee appointed, the new committee to be 
enlarged to include the chairman of the research committee of each 
region on its membership. Two members outside the regional repre- 
sentatives to be appointed by the President of the parent Society, 
one of whom shall be designated by the President as chairman of 
the general committee on research. Your committee believes in that 
manner the problems of the respective regions can be given better 
consideration in future studies which may be made by our central 
committee and also carry back to their respective regions a better 
idea of the general program and through these regional committees 
enlarged interest be developed. The committee firmly believes that 
it will be easier to secure appropriations for enlarged research pro- 
grams if a fairly definite outline and plan is presented and followed. 

There is no doubt that the sugar-beet industry is going to loom 
large in the defense program of the Nation. The spotlight of national 
need is going to be dn it. That the industry is in as good a position 
today as it is is because of research work which has been carried on 
during practically the entire lifetime of the industry in America, and 
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without the solution of many of the problems of the industry which 
have been given to us as a result of research, it is easy to believe 
there might not be any sugar-beet industry in America today. And 
if that is true for the past, it is going to be just as true in the years 
which lie immediately ahead. There are many post-war problems 
that will confront the industry which must be solved. The trend 
toward more liberal trade relations internationally is going to have 
a direct bearing upon the economic status of the beet-sugar industry 
in America because the final product of our efforts is sugar—a com- 
modity of worldwide use and worldwide production. 

The American farmer, with his higher standards of living and 
his proportionate high cost of production is going to be confronted 
with more direct competition from the areas of cheaper labor and 
lower standards of living. The American farmer and the American 
beet-sugar industry, working together, are going to have to find a way 
or ways by which the cost of producing sugar in our domestic area 
ean be reduced and our research should focus on that front. This 
reduction in cost can come from at least two ways: 

1. By inereasing the yields of beets per acre and by improving 
the sugar content and purity of those beets and; 

_ 2. By mechanization, which will enable the American farmer to 
make 1 hour of labor produce the equivalent of 5 or 10 hours of labor 
in areas where such mechanization is not possible. 

Much of the answer to No. 1 will be research, to give us improved 
varieties and improved cultural methods. No. 2 is in process of reach- 
ing practical usage. 

We have confidence enough in American intelligence and Ameri- 
ean ingenuity to believe that the needed result can be obtained but it 
cannot be obtained in any way except by a clear understanding of 
the problems involved and a determined and systematic effort put 
forth to accomplish the desired end. There must be planning and 
cooperation. 

We believe that this Society is going to demonstrate its value to 
the beet-sugar industry more and more as the years pass as a clearing 
house for information and inspiration and collaboration, and the 
research committee of the Society can be oné of its most valuable 
agencies to develop and encourage programs of research and institute 
effective efforts in that line. 

The United States Department of Agriculture, with its large 
facilities of personnel and equipment, can render an invaluable assist- 
ance in these programs and they should have our enthusiastic sup- 
port to the extent that their efforts are geared to the needs of the 
industry. There are certain parts of the work which will still have 
to be carried by the companies themselves in order that they may 
determine the local adaptation to their respective areas of the findings 
of central research agencies. 
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It is also felt that there is a very fertile field for enlarged re- 
search work in the experiment stations of state colleges, which field 
will be readily made available, we believe, to the research groups of 
the various regions if definite programs can be offered them and their 
cooperation solicited. Beyond these agencies, if there are still un- 
solved problems not being studied, we believe the industry itself will 
not allow important problems to go without seeking the answer and 
that failing to find agencies available, they will combine their efforts 
to achieve the necessary results. 

We commend the Bureau of Sugar Plant Investigations for their 
contributions and interest in the beet-sugar industry and urge a con- 
tinuance of the support of the industry for an enlarged program. 





Report of the Treasurer 
I wish to submit herewith the report of the Treasurer for the 
biennium ending December 31, 1941. 


Receipts 

Convention, Denver, banquet -.............. TS Ad ie ate ee $ 442.68 
Convention, Denver, registrations ~..................-.....----..--..------ 59.00 
Individual memberships and sale of Proceedings ................ 561.50 
SN SID ocacccniissnsnisnnnicitietnisininrnetnnianiieinaiabinndienincinnnine 84.50 
REE ENE Se Oe $1,147.68 

. Balance on hand December 31, 1939 -................... 322.73 
eee Oe eae ae $1,470.41 

Disbursements 

Printing and other expenses, Denver meeting ...................... $ 255.62 
Expenses of official guests, Denver meeting -....................... 158.45 
Banquet tickets, Denver meeting ...................-.--.-..2..-..-0-00---- 442.68 
Stamps and stamped envelopes, ete. -...........-..--......-...0000000--- 107.78 
SE CS TID ictestitecienctcterscsesictinitnsttiacenlasninimnncenienincinnsiont 6.76 
Labor and materials in sending Proceedings ...................... 19.99 
I SI cs inciscncecicenilea ital ea tna atid naiimlacain hasta 14.75 
Printing and supplies for Salt Lake City meeting, 1942...... 113.39 
ST TRUUIIIIDD atdesssstiiinss si: sieneiecpdebeteliaeteadn idiadiabalabahaesancedaeini 1.19 
eS ee ET $1,120.61 
es $1,470.41 


Re II esecetetichssncic citisleciaidntn cla .. 1,120.61 


Balance in checking account, First National Bank, 
Longmont, Colorado ..................... POLITE TTT $ 349.80 


Respectfully submitted, H. E. Brewbaker, Treasurer. 
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Report of the Secretary 
The active paid-up memberships in the A.S.S.B.T. are distributed 
as follows: 


Individual 








PI siccsiicisiinsintiscievinaeni 3 Nebraska ...................... 9 
California .......... ers 28 New Mexico ...............- 3 
SII nic vpnitnszisncoteinanaien 52 New York ................... 3 
Dist. Columbia .......... 4 Cee neers 10 
IEE Sunshiceinicmsmnscceiceciensle 12 ee 3 
I: scistshcantchcpmiseiceiaisosioniin 1 South Dakota ........... 3 
BID: aincicccudeitivaieniacn "Se Tennessee .........-......---- 1 
ee 1 ETE 19 
Michigan ...................... 14 Washington ................ 2 
Minnesota .................... 3 Co Eo 7 
Mississippi .................. 1 
eee 6 
1. 9 eee 189 
SIN eihiscsisenaiaaieiated 13 
Denmark. ................ 2 
ee 15 
RII TIN hase isncecsinrccsinniideciads 204 
Companies, other than sugar processors .....................2..---.s--00+++ 5 





This represents a loss of 67 or 26 percent of the paid-up indi- 
vidual members in the United States, and an increase of 5 members 
or 63 percent in Canada. The loss indicated is undoubtedly due to 
the fact that, for reasons to be stated later, the Proceedings of the 
1940 meeting was not completed until August 1941. 

There are several indications of inereasing interest in the Society 
as a scientific organization. We now have the 1940 Proceedings on 
the shelves of 13 Experiment Station libraries in the United States 
and Canada where there were only 2 in 1940, and with a printed Pro- 
ceedings it should be possible to place these in all state, Provincial, 
and Government libraries where they will be available to students 
and Research Departments. Articles included in the 1940 Proceed- 
ings have been already referred to in literature citations in scien- 
tifie journals. 

Biological Abstracts has requested the A. S. 8S. B. T. to provide 
abstracts of all papers presented at both the 1940 meeting and the 
current meeting for inclusion in that Journal. 

The Directors of Science Service have extended to the members 
of our Society the reduced rate of $3.00 per year for the Science 
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News Letter, this privilege being one which is only extended to the 
members of recognized scientific societies. 

The A. S. S. B. T. is now on an exchange basis for publications 
with the following: 

International Sugar Journal, England 

Imperial Bureau of Plant Genetics, England 

International Institute de Recherches, Betteravieres, Belgium 

International Society of Sugar Cane Technologists 

Canadian Committee on Sugar Analysis 

Sugar 

The Proceedings for the 1940 meeting held at Denver, Colorado, 
was unfortunately delayed for many months. There was reason to 
believe that a print job would finally be possible, but the estimated 
cost could not be met with the funds available, and it was finally pub- 
lished in a 2-volume set, in excellent mimeograph, bound in heavy 
paper, total of 341 pages. The U. S. Beet Sugar Association sub- 
sidized the Society for the entire cost of this publication, for which 
grateful acknowledgment is made at this time. Recognition is also 
due the editor, Glenn Kinghorn, and the Editorial Service of the 
Colorado State College for their generous and careful service in pro- 
viding the completed 1940 Proceedings at actual cost for materials 
and help. 

On April 10, 1941, a revised report summarizing the ‘‘Sugar 
Beet Investigational Work, United States and Canada’’ went out to 
all sugar-beet research departments and to cooperating companies. 
This report was compiled by the Research Coordinating Committee 
and the secretary, a previous one having been made early in 1939. 
A total of 229 projects and 170 project leaders are listed in the 
1941 report as compared with 188 projects and 100 project leaders in 
the 1939 report. This appears to be a valuable compendium, especial- 
ly for the committee or committees looking toward stimulation and 
organization of research, and it should be revised, probably as often 
as once each biennium. 

There are on hand, in the Secretary’s office the following: 

1938 Proceedings, Salt Lake City meeting................ 59 copies 
1940 Proceedings (2 volumes) Denver meeting......178 copies 
1941 Summary, sugar-beet investigational work.... 74 copies 

The American Society of Sugar Beet Technologists is unique in 
that it is a vigorous and active organization with interest centered 
on one crop. Its mere existence portends well for the future of 
sugar beets in the United States and Canada. It is a privilege to 
have been able to serve actively as Secretary-Treasurer in the early 
years of this Society. . 


Respectfully submitted, 
H. E. Brewbaker, Secretary. 





